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Aِbstract 
Khartoum Airport is the National Airport of our country Sudan and the 
Arrival Hall is the first impression a visitor to our country would have on 
entering the country. 
It is an important harbor and good attractive location to many fruitful 
investments and tourism for a visitor on coming to our country. 
The Hall was built in the late eighties of the last century. It is located in 
south east of Khartoum City. It is built up of two steel structures or 
hangers of dimension 60×100m and 39.35×60m .  
Recently, the current Air Conditioning System of the Arrival Hall suffers 
from many problems such as small cooling capacity of the units and the 
absence of air distribution system.  This made part of the Hall very hot 
compared to the other parts. 
There is no preventive maintenance scheduled and no good supervision of 
these units due to different administration in the Airport which caused 
several times failures of the units  
From this point of view and to team up with my colleagues to give out 
excellent performance and good job, it is found that there should be a new 
design for the system. A system based on the actual load of the Hall, 
studying of the building of the Hall and number of occupants, lighting 
and appliances. 
As a result the Hall was divided into three sections as follows as it is 
shown in Figure (A1) Appendix A: 
Zone A: It is located on the eastern side of the Hall; its dimension is 
60×30m.It accommodates Hall Manager office, VIP room and several 
security offices as well as Passports counters.   
Zone B: It is located in the middle of the Hall; its dimension 60×60m.It 
accommodates luggage belts and customs offices, 
Zone C: Where there is duty free shop, customs offices Civil Aviation 
offices and cafeteria. Its dimension 39.35× 60m. 
Accordingly, cooling load for each Zone was calculated for each and 
every hour in the day through all the summer months, being the hottest in 
the year bearing in mind that each Zone is at its maximum load. 
After that a suitable Air Conditioning system was selected which is found 
to be Variable Refrigerant Flow (VRF) which is a new product that refers 
 v
to the ability of the system to control the amount of refrigerant flowing to 
each of evaporators, enabling the use of many evaporators of different 
capacities in different zones and different configuration. 
Suitable Indoor and Outdoor units were selected according to the load of 
each Zone; also proper piping was accordingly selected and arranged for 
each system, besides availability of these units in Sudan was also 
checked. 
Indoor units were distributed and arranged throughout the Hall according 
to the cooling load of each Zone so as to achieve the optimum air 
distribution. 
Eco-V heat recovery ventilator is selected as part of the system. It is a 
new equipment to admit fresh air into the Hall, and circulate the return 
air. 
Suitable control system was selected which is an advance device to 
control a wide range of indoor units that can directly and continuously 
supervise the system,  it can be programmed to monitor and remote 
control the units. The device has an extra ability of self- diagnosis facility 
which gives an instant message if there is any fault in the system. 
Finally the initial cost was calculated. 
Efficient air conditioning system is one of the most important criteria of 
evaluating perfect airport regarding good services given, so as the 
passengers could finish their check in without any trouble in an easy 
comfortable way.  
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 ﻣﺴﺘﺨﻠﺺ  
ﺗﻌﺘﺒѧﺮ ﺻѧﺎﻟﺔ اﻟﻮﺻѧﻮل ﻓѧﻲ ﻣﻄѧﺎر ﻣѧﻦ أهѧﻢ اﻟﻤﺮاﻓѧﻖ اﻟﺤﻴﻮﻳѧﺔ ﻟﻤﻄѧﺎر اﻟﺨﺮﻃѧﻮم اﻟѧﺪوﻟﻲ ، أذ ﺗﻌﺘﺒѧﺮ 
وهﻲ اﻷﻧﻄﺒѧﺎع  اﻟﺤѧﺴﻦ . ﻞ اﻟﺮﺋﻴﺴﻰ ﻟﻠﺪوﻟﺔ و اﻟﻮﺟﺔ اﻟﺤﻀﺎرى اﻟﺬى ﺗﺴﺘﻘﺒﻞ ﺑﻪ اﻟﺒﻼد اﻟﺰوار اﻟﻤﺪﺧ
وﻳﻤﻜﻦ أن ﻧﻜѧﻮن ﻣﻔﺘѧﺎح ﻟﻸﺳѧﺘﺜﻤﺎر و اﻟѧﺴﻴﺎﺣﺔ ﺑﺎﻟﻨѧﺴﺒﺔ ﻟﻠﺰاﺋѧﺮ . اﻟﺬى ﻳﺘﻠﻘﺎﻩ اﻟﺰاﺋﺮ ﻟﺒﻼدﻧﺎ ﻋﻨﺪ اﻟﻘﺪوم 
  .اﻷﺟﻨﺒﻲ
 أواﺧѧﺮ ﺗﻘѧﻊ ﺻѧﺎﻟﺔ اﻟﻮﺻѧﻮل ﻟﻤﻄѧﺎر اﻟﺨﺮﻃѧﻮم ﺟﻨѧﻮب ﺷѧﺮق ﻣﺪﻳﻨѧﺔ اﻟﺨﺮﻃѧﻮم  ﻗѧﺪ ﺗѧﻢ أﻧѧﺸﺎؤهﺎ ﻓѧﻲ 
  . اﻟﺜﻤﺎﻧﻴﺎت ﻣﻦ اﻷﻟﻔﻴﺔ اﻟﺴﺎﺑﻘﺔ
 ﻣﺘѧѧﺮ و اﻟﺜѧѧﺎﻧﻰ ٤٠١×٠٦وهѧѧﻰ ﻋﺒѧѧﺎرة ﻋѧѧﻦ هﻨﻘѧѧﺮﻳﻦ ﻣѧѧﻦ اﻟﺤﺪﻳѧѧﺪ ﻣﺘѧѧﺼﻠﻴﻦ ﺑﺒﻌѧѧﻀﻬﻤﺎ أﺑﻌѧѧﺎد اﻷول  
  . ﻣﺘﺮ٠٦×٥٣٫٩٣
ﻳﻌﺎﻧﻰ  ﻗﺴﻢ اﻟﺘﺒﺮﻳﺪ و اﻟﺘﻜﻴﻴﻒ ﺑﻤﻄﺎر اﻟﺨﺮﻃﻮم ﻣﻦ ﻋﺪة ﻣﺸﺎآﻞ ﻣﻦ أهﻤﻬѧﺎ  أن اﻟﻮﺣѧﺪات اﻟﻤﻮﺟѧﻮدة 
وﺗﻔﺘﻘѧﺮ اﻟѧﺼﺎﻟﺔ ﻟﻨﻈѧﺎم ﺗﻮزﻳѧﻊ . ﺤѧﺮارى اﻟﻔﻌﻠѧﻰ ﻟﻠѧﺼﺎﻟﺔﺣﺎﻟﻴѧٌﺎ ذات آﺜﺎﻓѧﺔ ﺻѧﻐﻴﺮة ﻻ ﺗﻼﺋѧﻢ اﻟﺤﻤѧﻞ اﻟ
وﺗﻔﺘﻘѧﺪ .هﻮاء ﺟﻴﺪ ﻳﻐﻄﻰ آﻞ أﻧﺤﺎء اﻟﺼﺎﻟﺔ اﻟﻤﺨﺘﻠﻔﺔ ، ﺣﻴﺚ ﻳﻮﺟﺪ ﻣﻨﺎﻃﻖ ﻣﻜﻴﻔﺔ وأﺧﺮى ﻏﻴѧﺮ ﻣﻜﻴﻔѧﺔ 
أﻳѧﻀٌﺎ اﻟѧﻰ ﻧﻈѧﺎم ﺗﺤﻜѧﻢ ﺟﺒѧﺪ ﻳѧﺘﺤﻜﻢ ﻓѧﻰ اﻟﻨﻈѧﺎم آﻜѧﻞ وﻏﻴﺮهѧﺎ ﻣѧﻦ  ﻣѧﺸﺎآﻞ اﻟѧﺼﻴﺎﻧﺔ اﻟﺘѧﻰ ﺗﻨѧﺘﺞ ﻣѧﻦ 
ﻠѧﺼﻴﺎﻧﺔ اﻟﺪورﻳѧﺔ ، ﻣﻤѧﺎ ﻳѧﺪﻓﻊ ﻗѧﺴﻢ اﻟѧﺸﺌﻮن اﻷﺳѧﺘﻌﻤﺎل اﻟﻤﺘﻮاﺻѧﻞ ﻣѧﻊ ﻋѧﺪم وﺟѧﻮد ﺟѧﺪول واﺿѧﺢ ﻟ 
  .اﻟﻬﻨﺪﺳﻴﺔ ﻣﻄﺎر اﻟﺨﺮﻃﻮم  ﻟﻠﺘﺠﺪﻳﺪ و اﻟﺘﺎهﻴﻞ ﻣﻦ دون ﺟﺪوى
ﻣﻦ هﺬا اﻟﻤﻨﻄﻠﻖ وﻟﻤﻀﺎﻓﺮة اﻟﺠﻬﻮد ﻣﻊ زﻣﻼﺋﻰ ﻟﻸرﺗﻘﺎء ﺑﺎﻟﻌﻤﻞ و ﺗﻘﺪﻳﻢ اﻟﺨﺪﻣﺔ اﻟﻤﻤﻴﺰة ﻟﻠﻤﺴﺎﻓﺮ و 
ﻟﺔ ، ﻧﻈѧﺎم اﻟﻌﺎﻣﻞ ﻣﻌﺎ ، أﺻﺒﺢ ﻻﺑѧﺪ ﻣѧﻦ ﺗѧﺼﻤﻴﻢ ﻧﻈѧﺎم ﺗﻜﻴﻴѧﻒ ﻳﻼﺋѧﻢ اﻟﺤﻤѧﻞ  اﻟﺤѧﺮارى اﻟﻔﻌﻠѧﻰ ﻟﻠѧﺼﺎ 
ﻣﺒﻨﻰ ﻋﻠﻰ اﻟﺪراﺳﺔ اﻟﻔﻌﻠﻴﺔ ﻟﻤﺒﻨﻰ اﻟѧﺼﺎﻟﺔ ووﺿѧﻌﻬﺎ اﻟﺠﻐﺮاﻓѧﻲ ، وﻋѧﺪد اﻷﺷѧﺨﺎص اﻟﻤﻮﺟѧﻮدﻳﻦ ﻓѧﻲ 
  .وﻋﺪد اﻷﺟﻬﺰة .اﻟﺤﻴﺰ ، واﻷﺿﺎءة أو اﻷﻧﺎرة 
             آﻤﺎ هﻮ ﻣﻮﺿﺢ ﻓѧﻰ  وﻟﺤﺴﺎب اﻟﺤﻤﻞ اﻟﺤﺮارى اﻟﻔﻌﻠﻰ ﺗﻢ ﺗﻘﺴﻴﻢ اﻟﺼﺎﻟﺔ اﻟﻰ ﺛﻼث ﻣﻨﺎﻃﻖ
  :1A erugiF( A xidneppA  )               
ﺗﻘѧѧﻊ ﻓѧѧﻲ اﻟﺠﺎﻧѧѧﺐ اﻟѧѧﺸﺮﻗﻰ ﻟﻠѧѧﺼﺎﻟﺔ وهѧѧﻰ ﺗѧѧﻀﻢ ﻣﻜﺘѧѧﺐ ﻣѧѧﺪﻳﺮ اﻟѧѧﺼﺎﻟﺔ،وﻏﺮﻓﺔ آﺒѧѧﺎر  : (أ ) اﻟﻤﻨﻄﻘѧѧﺔ
  . ﻣﺘﺮ٠٣×٠٦ﻣﺴﺎﺣﺔ اﻟﻤﻨﻄﻘﺔ .اﻟﺰوار وﻣﻜﺎﺗﺐ اﻷﻣﻦ وآﺎوﻧﺘﺮات اﻟﺠﻮازات 
  . ﻣﺘﺮ ٠٦×٠٦ﺗﻀﻢ ﺳﻴﻮراﻟﻌﻔﺶ وﻣﻜﺎﺗﺐ اﻟﺠﻤﺎرك ، ﻣﺴﺎﺣﺔ اﻟﻤﻨﻄﻘﺔ : اﻟﻤﻨﻄﻘﺔ ب
ى هѧѧﺬة اﻟﻤﻨﻄﻘѧѧﺔ ﻋﻠѧѧﻰ اﻷﺳѧѧﻮاق اﻟﺤѧѧﺮة و ﻣﻜﺎﺗѧѧﺐ  ﻣﺘѧѧﺮ وﺗﺤﺘѧѧﻮ٠٦×٥٣٫٩٣ﻣѧѧﺴﺎﺣﺘﻬﺎ : اﻟﻤﻨﻄﻘѧѧﺔ ج
  . اﻟﺠﻤﺎرك و آﺎﻓﺘﺮﻳﺎ ﻟﻠﻤﺴﺘﻘﺒﻠﻴﻴﻦ وﻣﻜﺎﺗﺐ ﺗﺎﺑﻌﺔ ﻟﻠﻬﻴﺌﺔ اﻟﻌﺎﻣﺔ ﻟﻠﻄﻴﺮان اﻟﻤﺪﻧﻰ
وﺑﺤﺴﺎب ﻋﺪداﻷﺷﺨﺎص ﻋﺎﻣﻠﻴﻦ وﻣﺴﺎﻓﺮﻳﻦ ﻓﻲ آﻞ ﻣﻨﻄﻘﺔ ، وﺑﺤѧﺴﺎب اﻟﺤﻤѧﻞ اﻟﺤѧﺮارى اﻟﻜﻠѧﻰ ﻓѧﻰ 
أﻋﻠﻰ ﺣﻤѧﻞ ﺣѧﺮارى ﻓѧﻲ آﻞ ﻣﻨﻄﻘﺔ ﻋﻠﻰ ﺣﺪة ﻓﻲ آﻞ ﺳﺎﻋﺔ ﺧﻼل اﻟﻴﻮم ،ﺑﺄﻋﺘﺒﺎر أن آﻞ ﻣﻨﻄﻘﺔ ﻋﻨﺪ 
  .اﻟﻴﻮم ، ﺗﻢ ﺣﺴﺎب اﻟﺤﻤﻞ اﻟﺤﺮارى اﻟﻜﻠﻰ
وﺑѧѧﺬﻟﻚ ﺗѧѧﻢ أﺧﺘﻴѧѧﺎر ﻧﻈѧѧﺎم اﻟﺘﻜﻴﻴѧѧﻒ اﻟﻤﻼﺋѧѧﻢ ، ووﺟѧѧﺪ أﻧѧѧﻪ أﻧѧѧﺴﺐ ﻧﻈѧѧﺎم هѧѧﻮ ﻧﻈѧѧﺎم  ﺗѧѧﺪﻓﻖ ﻣѧѧﺎﺋﻊ اﻟﺘﺒﺮﻳѧѧﺪ 
وهѧﻮ ﻧﻈѧﺎم ﺣѧﺪﻳﺚ ذو آﻔѧﺎءة ﺗѧﺸﻐﻴﻠﻴﺔ ﻋﺎﻟﻴѧﺔ ، ﻳѧﺴﻤﺢ ﺑﺘѧﺸﻐﻴﻞ ﻋѧﺪد ﻣѧﻦ اﻟﻮﺣѧﺪات اﻟﺪاﺧﻠﻴѧﺔ . اﻟﻤﺘﻐﻴѧﺮ
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ﻓﻴﺮ اﻟﻄﺎﻗﺔ وأﻣﻜﺎﻧﻴﺔ ﺗﺤﻜﻢ آﺒﻴѧﺮة ﻓѧﻲ اﻟﻮﺣѧﺪات اﻟﺪاﺧﻠﻴѧﺔ وﻧﻈѧﺎم ﺑﻮﺣﺪة واﺣﺪة آﺒﻴﺮة ، ﻣﻤﺎ ﻳﺴﻤﺢ ﺑﺘﻮ 
  .ﺗﻬﻮﻳﺔ ﺣﺪﻳﺚ ﻳﺴﻤﺢ ﺑﺪﺧﻮل اﻟﻬﻮاء اﻟﻄﺎزج اﻟﻰ اﻟﺤﻴﺰ  ﻣﻤﺎ ﻳﻔﻲ ﺑﺎﻟﻐﺮض اﻟﻤﻄﻠﻮب
وﻗﺪ ﺗﻢ أﺧﺘﻴﺎر اﻟﻮﺣﺪات اﻟﺪاﺧﻠﻴﺔ و اﻟﺨﺎرﺟﻴﺔ ﺣﺴﺐ اﻟﺤﻤﻞ اﻟﺤﺮارى اﻟﻤﺤﺴﻮب ﻟﻜﻞ ﻣﻨﻄﻘѧﺔ آﻤѧﺎ ﺗѧﻢ 
 ﺗѧﻢ اﻟﺘﺄآѧﺪ ﻣѧﻦ وﺟѧﻮد هѧﺬا اﻟﻨѧﻮع ﻣѧﻦ اﻟﻮﺣѧﺪات أﺧﺘﻴѧﺎر ﻣﻮاﺳﻴﺮاﻟﺘﻮﺻѧﻴﻞ اﻟﻤﻨﺎﺳѧﺒﺔ و ﺗﻮزﻳﻌﻬﺎزآﻤѧﺎ
  .ﺑﺎﻟﺴﻮدان
آﻤﺎ ﺗﻢ ﺗﻮزﻳﻊ اﻟﻮﺣﺪات اﻟﺪاﺧﻠﻴﺔ داﺧﻞ اﻟﺼﺎﻟﺔ ﺑﺤﻴﺚ ﺗﻼﺋﻢ ﻣﺘﻄﻠﺒﺎت اﻟﺘﻮزﻳﻊ اﻟﺪاﺧﻠﻰ ﻟﻠﻬѧﻮاء اﻟﻤﺒѧﺮد 
  .و ﺗﻐﻄﻴﺔ ﻣﺠﻤﻞ أﻧﺤﺎء اﻟﺼﺎﻟﺔ ﺣﺴﺐ اﻷﺣﻤﺎل ﻟﻜﻞ ﻣﻨﻄﻘﺔ وﻋﺪد اﻷﺷﺨﺎص وﻧﺸﺎﻃﻬﻢ
ﺎم اﻟﺘﻜﻴﻴѧﻒ  ﻳѧﺴﻤﺢ ﺑѧﺪﺧﻮل اﻟﻬѧﻮاء اﻟﻨﻘѧﻰ اﻟѧﻰ آﻤﺎ ﺗﻢ أﺧﺘﻴﺎر ﻧﻈﺎم ﺣﺪﻳﺚ ﻟﻠﺘﻬﻮﻳﺔ وهѧﻮ ﺟѧﺰء ﻣѧﻦ ﻧﻈѧ 
داﺧѧﻞ اﻟѧﺼﺎﻟﺔ وﺗﻨﻘﻴѧﺔ اﻟﻬѧﻮاء اﻟѧﺪاﺧﻠﻰ اﻟﺮاﺟѧﻊ وﺧﻠﻄѧﺔ ﻣѧﻊ اﻟﻬѧﻮاء اﻟﻄѧﺎزج وﻣѧﻦ ﺛѧﻢ ﺗѧﺪوﻳﺮﻩ داﺧѧﻞ 
  . اﻟﺼﺎﻟﺔ ﻟﻴﻜﻮن اﻟﺠﻮ اﻟﺪاﺧﻠﻰ ﻟﻠﺼﺎﻟﺔ ﺻﺤﻰ و ﻣﺮﻳﺢ ﻟﻠﻤﺴﺎﻓﺮ و اﻟﻌﺎﻣﻞ أﻳﻀَﺎ
 ﻓﻲ اﻟѧﺘﺤﻜﻢ ﻓѧﻲ ﻋѧﺪد آﺒﻴѧﺮ ﻣѧﻦ وأﺧﺘﻴﺮ أﻳﻀًﺎ ﻧﻈﺎم ﺗﺤﻜﻢ أﻟﻜﺘﺮوﻧﻰ ﻟﻠﻨﻈﺎم ذو آﻔﺎءﻩ ﻋﺎﻟﻴﺔ، ﻟﻪ اﻟﻘﺪرة 
وأﺧﻴѧѧﺮَا ﺗѧѧﻢ ﺣѧѧﺴﺎب اﻟﺘﻜﻠﻔѧѧﺔ اﻟﻤﺒﺪﺋﻴѧѧﺔ . آﻤѧѧﺎ أن ﻟѧѧﻪ ﺧﺎﺻѧѧﻴﺔ ﺗﺤﺪﻳѧѧﺪ اﻷﻋﻄѧѧﺎل. اﻟﻮﺣѧѧﺪات اﻟﺪاﺧﻠﻴѧѧﺔ 
  .ﻟﻠﻤﺸﺮوع
و اﻟﺘﻜﻴﻴﻒ ﻣﻦ أهﻢ اﻟﻌﻨﺎﺻﺮ ﻟﺘﻘﻴﻴﻢ اﻟﻤﻄﺎر ﻣѧﻦ ﺣﻴѧﺚ اﻟﺨѧﺪﻣﺎت اﻟﻤﻤﻴѧﺰة اﻟﺘѧﻲ ﻳﻤﻜѧﻦ أن ﻳﻘѧﻮم  اﻟﺘﺒﺮﻳﺪ
ﺗﻤѧﺎم أﺟѧﺮاءات ﺳѧﻔﺮﻩ ﻣѧﻦ دون أى ﻋﻨѧﺎء أو ﻓѧﻲ أ  ﺑﺘﻘﺪﻳﻤﻬﺎ اﻟﻤﻄﺎر ﻟﻜѧﻰ ﻳﺠѧﺪ اﻟﻤѧﺴﺎﻓﺮ اﻟﺮاﺣѧﺔ اﻟﺘﺎﻣѧﺔ 
  .ﺿﻴﻖ
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Chapter One 
Introduction 
1.1 Introduction 
Sudan recently is practicing an economical development in every field, 
currently it is the core location to many investors in addition to the 
diverse natural resources; it is also an attractive centre to tourism such as 
Red-Sea resources. 
This increases the Aeronautics movement, and cause the Engineering 
department in Khartoum Airport, to face, the ever lasting problems of air 
conditioning system in the Airport.  
Maintenance and renewal of these units for more than once every 2-3 
years was economically out of use. 
From this point of view and to co-operate with my colleagues to handle 
this problem  with all the requirements, to conserve the technical 
performance, and to give excellent indoor design condition, so as to 
achieve a comfortable environment for both passenger and workers,  
according to the International Civil Aviation Organization (ICAO) 
standards.  
This can be approached through the control of indoor temperature and 
humidity ratio, so that passengers would complete their check-in 
comfortably.  
On these facts, bearing in mind statistics of aeronautics movement and 
climatic changes on the last few years. Data was collected from different 
sources, from the Planning Center Directorate, Civil Aviation Authority 
Statistics Section, and from the Engineering Department, Air 
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Conditioning Section, and Khartoum Airport and finally from the Hall 
itself. 
 All the data that concern all the international flights scheduled and non-
scheduled, number of passengers, workers appliances, lighting and 
building orientation etc, 
It is found that to achieve the required performance, Variable Refrigerant 
Flow system is suitable in spite of the preliminary expensive, but, it can 
last form 20-30 years as well as the maintenances and repair cost is low 
compared with the separate units system.  
1.2 Current Air Conditioning in Khartoum Airport :- 
The current air conditioning system is a system in Khartoum Airport 
Arrival Hall which has the following drawbacks:- 
a. It is a packaged unit system York type, two units each of 20  tons 
of refrigeration, with a very low cooling capacity compared to the 
actual cooling load. 
b. Lack of good air distribution system, which makes parts of the 
Hall very hot compared to the other parts due to the high ambient 
temperature of the environment itself. 
c. Lack of good ventilation system, which allow fresh air  to enter 
the Hall and this will improve the indoor air quality to make the 
indoor environment healthy and comfortable. 
d. Lack of scheduled preventive maintenance and good supervision 
of the units made the problems of Air conditioning system in the 
Hall very monotonous. The maintenance and rehabilitation of 
these current units are costly and time consuming. 
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1.3 Objectives of the research: 
The main objectives of the research is to design an air conditioning 
system to replace the current one so as to give the optimum performance 
of the system which can last for a good time without much problems in 
handling of the new system. A system which can include the following: 
a. To calculate   actual cooling load of the Hall and accordingly to    
select the system. 
b. To select the indoor and outdoor units according to the calculated 
cooling load. 
c. To arrange the indoor units so as the air distribution throughout 
the Hall will be the same. 
d. To locate a ventilator among the selected system so as to provide 
fresh air to the Hall to make the indoor quality air healthy and 
comfortable. 
e. To provide a computerized control system to control the units 
which has the ability to monitor the units and has the ability to 
indicate if there are any faults. 
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Chapter two 
Literature Review 
2.1 Air Conditioning System:  
An air conditioning system is composed of component and equipment. 
These are arranged in sequence to condition the air, to transport it to the 
condition space and to control the indoor environmental parameters of a 
specific space within required limits.  
Air conditioning systems can be classified according to their applications 
as:  
a. Comfort air conditioning systems.  
b. Process air conditioning systems.  
2.1.1 Comfort Air conditioning systems:  
Comfort air conditioning systems provide occupants with a comfortable 
and healthy indoor environment in which to carryout their activities the 
various sectors of economy using comfort air conditioning systems are:  
a. Commercial sectors such as office buildings shops, malls etc.  
b. Institutional sectors such as schools, colleges libraries museums 
etc.  
c. Residential and lodging sectors such as hotels, motels apartment 
houses and private homes etc.  
d. Health care sectors such as hospitals, nursing homes etc. 
e. Transportation sector such as aircraft, ships trains etc.  
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2.1.2 Process air conditioning system 
Process air conditioning systems provide needed indoor environmental 
control for manufacturing production storage, or other research and 
development procures. 
The following areas are examples of process air conditioning:  
a. In textile mills.  
b. Many electronic factories.  
c. Precision instruments, tools and equipments factories.  
d. Pharmaceutical product factories.  
e. In modern refrigerated warehouses such as frozen food 
warehouses etc.  
2.2 Indoor and outdoor design condition 
 The human body is composed of two compartments: 
a. An inner body core, including skeleton, muscle and internal 
organs. 
 b. An outer shell of skin surface. 
 The temperatures of the body core and the surface skin are each assumed 
to be uniform and independent. Metabolic heat production, external 
mechanical work and respiratory losses occur only in the body core.  
Heat exchange between the body core and the skin surface depends on 
heat conduction from direct contact and the peripheral blood flow of the 
thermoregulatory mechanism of the human body.  
Based on research done by American National Standard Institute 
/American Society of Heating, Refrigeration and Air Conditioning 
Engineering ( ANSI/ASHRAE standard 55-1992) specified winter and 
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summer comfort zones to provide for selection of the indoor parameters 
for thermal comfort (fig shown in Appendix B). The chart is based upon 
an occupant activity level of 69.8 w/m2[1]. 
For summer comfort where there is no minimum air speed that is 
necessary for thermal comfort standard 55-1992 recommended a summer 
comfort zone with:  
a. An effective boundary temperature of 73-79°F or 22.5?26°C.  
b. Wet-bulb temperature at 68°F or 20°C. 
c. Dew-point temperature at 36°F or 2.2°C as its bottom that 
boundary.  
For winter comfort zone where air velocity is less than 0.15m/s. 
Standard 55-1992 recommended a winter comfort zone with:  
a. An effective boundary temperature of 68?74°F or                  
20 ?23.3°C.  
b. Wet – bulb of 64°F or 17.8°C. 
c. Dew – point of 36°F or 2.2°C.  
American Society of Heating, Refrigeration and Air Conditioning 
Engineering (ASHRAE) comfort zones recommend only optimal and 
boundary effective temperature for determination of the winter and 
summer indoor parameters.  
ASHRAE also provide:  
Comfort – discomfort diagrams which show a graphical presentation of 
the total heat loss from the human body at various operation or air 
temperature and relative humidity when the activity level and the air 
velocity are specified.  
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The abscissa of the comfort diagram is the operative temperature or 
ambient air temperature to whereas the ordinate can be either water vapor 
pressure (ρ) or humidity ratio (w).  
The comfort diagram is divided into five zones by effective temperature 
and total skin wetness lines as shown in the figure attached in Appendix 
2:  
2.2.1 Body cooling zone:  
Effective temperature in this zone is less than 73°F or 22.8°C the 
occupant will feel cold in this zone, because the heat losses exceed the net 
metabolic rate, the skin and body core temperatures feud to a drop 
gradually.        
2.2.2 Comfort zone:  
This zone is between the lower effective temperature 73°F  or 22.8°C and 
skin witness of 0.06 and higher effective temperature of 86°F or 30°C and 
skin wetness of 0.25. The occupant will feel comfortable in this zone, and 
the heart rate is between 76?87 beats per minute.  
2.2.3 Uncomfortable zone:  
86°F < ET < 95°F or 30°C <ET<35°C 0.25 < skin wetness <0.45.  
Evaporative heat loss due to regulatory sweating dominates, and the 
occupant’s heart rate shows a range between 87 and 100, the occupant 
will feel uncomfortably warm or hot, when his/her physiological 
parameters are in these ranges.  
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2.2.4 Very uncomfortable zone:  
95°F < ET < 106°F 
Or    35°C < ET < 41.4°C 
0.45< skin wetness <1 
Thermal equilibrium is still maintained at this zone with zero heat storage 
at the skin and the body core, there is a danger of a heat stroke when        
ET > 95°F (35°C) AT the upper boundary of this zone the skin surface is 
nearly entirely wet and the heart rate exceeds 120 under these conditions, 
the occupant will feel very hot and very uncomfortable.  
2.2.5 Body heating zone: 
At this zone the environment is intolerable and the temperatures of the 
body core and skin tend to rise gradually.  
In this project it is chosen that:  
- Indoor design dry – bulb temperature = 25°C. 
- Relative humidity = 50%.  
- Humidity ratio = 0.0098kg of water of kg of dry air.  
2.3 Outdoor design condition: 
By outdoor design condition it is meant that putting down dry – bulb 
temperature for the environmental air and its relative humidity it is 
considered to be very important for cooling load calculations. 
Upon which it depends on. For that reason it is very important to point it 
out, in a way that would be economical. As if it is chosen that highest 
outdoor dry-bulb temperature to be the design temperature, this would be 
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very uneconomical, while it is not reliable also to consider the lowest 
outdoor temperature to be the design temperature. 
 As a result, it is better to consider an average temperature so that to 
achieve an economical design.  
There are two methods to evaluate this temperature, both methods agree 
not to consider highest and lowest dry bulb temperature as outdoor design 
temperature there are:  
a. British method: in this method it consider the average highest 
dry-bulb temperature taken within months through several 
years, then the at most average temperature is taken as the 
design dry outdoor bulb temperature.  
b. American method (ASHRAE) it has several ways:  
1 1% method 
The temperature is recorded every hour for 3 months which 
are summer months in which outdoor dry-bulb temperature 
is the highest throughout the year. 
Then 1% is removed from the total readings after it is 
arranged in descending order, then the highest reading from 
the remaining readings is taken to be considered as outdoor 
design dry-bulb temperature.   
2 2.5% method  
Same procedure, but instead of removing 1% in this method 
2.5% is removed from the readings.  
3 5% method: 
5% is removed from the readings. 
 
 
 19
Note that:  
Relative humidity is chosen using the same above procedures. 
In this project American ASHRAE method (1% method) discussed 
above to point out the outdoor dry-bulb temperature and the relative 
humidity is adopted because it is more accurate and the great need for 
strict control of  indoor environmental parameters depends upon the 
outdoor design condition..  
- Outdoor dry bulb temperature = 44°C. 
- Relative humidity = 20%. 
- Humidity ratio = 0.0108 of kg water of kg of only air.   
2.4 Cooling load Considerations: 
Heat transfer through building envelope is influenced by the material 
used: 
a. By the geometric factors such as size, shape and orientation.  
b. By the existence of internal heat sources.  
c. By the climatic factors.  
The system design required each of the above mentioned factors to be 
examined and the impact of their interaction to be carefully evaluated. 
Therefore the problem to be solved is time dependent and transient 
analysis should be used in estimating the cooling load rather than the 
usual steady state calculations adopted by engineers.  
2.5 Heat Gain, Cooling Load, and Heat Extraction 
2.5.1  Heat Gain:  
It is the rate at which energy is transferred to or generated within a space. 
It is divided into two components. 
 
 
 
 20
 
a. Sensible heat gain.  
b. Latent heat gain.  
 a   Sensible Heat Gain:  
It is that form of heat which as it flows into or is produced in a space will 
tend to cause a temperature rise in the space. 
Sensible heat gains to the space include: 
a. Heat transmission through the building structure as a result of 
conduction, convection and radiation.  
b. Heat entering the space as a result of solar radiation through 
windows or other transparent components.  
c. Sensible heat brought in as a result of ventilation and in 
filtration of outside air. 
d. Sensible heat produced by occupants.  
e. Sensible heat produced in the space by lights, appliances, 
motors and the like.  
f. Sensible heat to be extracted from materials or products brought 
into the space (industrial air conditioning).   
 b Latent Heat Gain:  
It is in the form of moisture which although it does not cause a 
temperature rise, but it does change the condition of the air in the space 
resulting in higher moisture content.  
Latent heat gains maybe classified as:  
a. Latent heat from outside air (both that introduced for ventilation 
and that which infiltrates into the space).  
b. Latent heat from occupants.  
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c. Latent heat from cooking hot baths, or moisture, producing 
equipment in the space.  
d. Latent heat from products or materials brought into space.    
2.5.2 Cooling Load:  
The cooling load is the rate at which energy maybe removed from space 
to maintain the temperature and humidity at the design values.  
The cooling loads generally differ from the heat gain at any instant of 
time because of:  
a. The radiation from the inside surface of walls and the interior 
objects.  
b. The solar radiation coming directly into the space through 
windows does heat the air within the space directly, but the 
radiation is absorbed by floors, interior walls and furniture 
which are then cooled primarily by convection as they attain 
temperature higher than that of the room air.  
2.5.3 The Extraction Rate:  
It is the rate at which energy is removed from the space by the cooling 
and dehumidifying equipment.  
This rate is equal to the cooling load when the space conditions are 
constant and the equipment is operating.  
But this is rarely true because some fluctuation in room temperature is 
necessary for the control system to operate and because the cooling load 
is also below the peak or design value most of the time intermittent or 
variable operation of the cooling equipment is required.  
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Chapter Three 
Cooling Load Calculations 
3.1 Introduction: 
Considering the problems of the current air conditioning system, the need 
to design a new air conditioning system becomes vital, a system should 
have the following features :- 
a. A system should be based on the actual load of the Hall. 
b. Total number of occupants, and study of building orientations. 
c. A system that consider the distribution of air and good ventilation. 
From this point of view the Hall is divided into three zones as it is 
shown in figure (a 1) Appendix 2.  
3.1.1 Zone A:  
It is 60mx30m dimension located in the east side of the Hall where the 
passengers arrive from the air side into the Hall, and start their check in. 
The zone accommodates also Hall manage office VIP room and VIP 
check in passport counter, besides 6 small offices for security. 
There are 8 counters of passports check in. As well as toilets in the north 
side so the zone. 
3.1.2 Zone B: 
It is 60x60m dimensions located in the middle of the Hall. This part 
where passengers can pick up their luggage, as the Hall accommodate 
luggage belts, and this zone has small luggage rooms at north wall side 
and south wall side, besides customs offices and counters. 
3.1.3 Zone C: 
It is 39.35x60m dimensions located at the west side of the Hall. This part 
accommodates duty free shops, customs offices and small commercial 
companies’ offices. This part of the Hall has upstairs story in both sides 
north and south of dimension 39.35x19.50m. in both sides. The south side 
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there is civil aviation offices. The northern side, there are cafeteria and 
waiting lobby. 
3.2 Occupancy: 
Regarding a number of 550 passengers entering the Hall from the Air side 
through zone A towards check in passport counter, zone A by that time 
would be crowded and the load at that moment would be the max in Zone 
A compared to Zone B and C, as they will be empty or the load will be 
the minimum. 
Bearing in mind that in Zone A the load would be high due to the fact that 
the zone is crowded compared to the small area. 
After a while the passengers will start to move gradually into Zone B for 
their luggage. Within few moments Zone A will be evacuated and Zone B 
will be at the maximum load, and Zone C s till at the minimum load. 
The passengers after finishing customs part they will start to enter Zone C 
gradually. 30% of them only is estimated will enter the Duty-Free for 
shopping the rest will go out through the public gate. 
3.2.1 As a Result: 
a. The total number of passengers is unchangeable in Zone A and B 
only 30% of them is considered at Zone C. 
b. Number of passengers in Zone A and B is considered in the load 
calculations together with the total number of workers and 
officers of passport sections and customs services. 
c. In Zone C, the 30% of the passengers where considered together 
with the people in the cafeteria and the number of employees of 
the Civil Aviation. 
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3.3 Basic Components of Cooling Load: 
The basic components of a cooling load are: 
a. Heat gain through structural components (walls, roofs, floors, 
doors and ceilings).  
b. Heat gain through glass and windows.  
c. Heat gain caused by infiltration and ventilation.  
d. Heat gain due to internal load (people, appliance, and lights).  
e. Heat gain from partitions to unconditioned space.  
In this project it is considered as non residential cooling load calculations.  
3.3.1 Geographical Location of Khartoum city:  
- Latitude 15° N  
- Longitude 32°E. 
3.4 Method of Cooling Load Calculation:  
The method used for cooling load calculation is cooling load temperature 
difference (CLTD) according to American society of heating, 
Refrigerating, and Air conditioning Engineer (ASHRAE).  
3.5 External Cooling Load  
3.5.1 Heat Gain Through Structural Components: 
 Heat gain through structural component cooling load calculation starts by 
calculating heat transfer through external walls and surfaces through the 
general equation:  
Q = U * A * CLTDcorrected --------------------- (3.1)[2] 
Where,  
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Q ≡ Quantity of heat transfer to the space 
U ≡  is the design thermal transmittance for applicable surface  
     (w/m2) 
But, 
CLTDcorrected = [(CLTD + LM) k + (25.5 -Tr) +(To – 29.4)]----(3.2)[2] 
Where,  
CLTD ≡ cooling load temperature difference. This is taken from tables 30 
& 32 Chapter 28. Table (A2) Appendix A 
LM ≡ correction factor for latitude and month applied to walls and roofs 
north latitude. 
K ≡ correction factor for color of walls and surfaces.  
Tr ≡ design indoor temperature.  
To ≡ average outdoor temperature.      
Choosing all hours throughout the day, to calculate the cooling load. 
Bearing in mind that the daily range of Khartoum city is 15°Cis 
estimated.  
a. To calculate average daily temperature  
To = Tmax - daily range. ------------------------ (3.3) [2] 
        2   
= 44 – 15 = 36.50°C. 
   2 
? Average daily temperature = 36.50°C 
 
 
 
∑Ri 
1 
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Using table(A1) shown in the Appendix A, which shows the values of 
CLTD correction for latitude and month(LM) applied to walls and roofs, 
north latitude for latitude 15° on latitude 40°, and studying the building 
orientation, entrances, exits and different areas of walls as a result 
CLTDcorrect was calculated. As shown below: 
a. Choosing month of Jan/Nov north direction,  
b.  LM = -2.22. 
c. CLTD north direction is 8.33. 
d. K correction factor for color is= 0.5 
e. To = 36.50˚C. 
f. Tr = 25˚C. 
Then,  
CLTDcorrect = [(8.33-2.22) ×0.5 + (25.5-25) + (36.50-29.4)] = 10.66 
 Then the value of CLTDcorrect for month of Jan/Nov at the north 
direction is 10.66.  
 Likewise CLTDcorrect was calculated for all months for the 24- hours time 
as shown in the Appendix A. 
3.6 Calculating Thermal Conductivity  
 For calculating thermal conductivity of walls [U], using the general 
equation:-  
U = 1/[Ri + χ + Ro] ------------------------(3.4)[2] 
Where,  
Ri ≡ Internal thermal resistance of the wall constituents that depends 
upon the quality of the wall and emission coefficient.  
K 
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Ro ≡ External thermal resistance of the wall constituents that depends 
upon the wind speed.  
χ ≡  wall thickness (m). 
K ≡ thermal conductivity of the wall’s material (w/m°C).   
3.6.1 Selection of (Ri) Value: 
Ri is selected from the table (B4) shown in the Appendix 2 as the wall is 
made up of local materials with Emission factor of 0.9 to be 0.123. 
Selection of (Ro) selected considering the wind velocity to be regular 
with 2m/s and emission factor of 0.9, then Ro = 0.05 as shown from table 
(B 5) in the Appendix B. 
3.7 Overall Thermal Conductivity of Walls. 
 It is very important to know the materials that  
a building consists of. That would lead  to the overall thermal 
conductivity coefficient and as a result at the total heat  gain transfer into 
the building would be known for this reason the walls constituent are 
classified and pointed out and using the equation (3.4) above. 
3.7.1 North Wall Constituents 1st Section  
 
cement
 
 
Local 
brick 
 
 
cement
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Table (3.1): 
No Material  Thickness 
X(m)  
Thermal Conductivity 
K 
Thermal Resistance 
(X/K)  
1. Cement  0.05 0.727 0.0688 
2. Local brick 0.4 1.333 0.300 
3. Cement  0.05 0.727 0.0688 
Therefore, 
U= the overall  Heat Transfer Coefficient of the north wall first section is 
                  = 1.64 w/m².  
3.7.2 North Wall and South Wall Constituents, 2nd  Section 
 
ZINC 
 
 
Insulator 
 
Air Gap 
 
Aluminum 
 
Table (3.2) 
No Material Thickness 
X(m) 
Thermal 
Conductivity K
Thermal resistance 
(X/K) 
1 Zinc sheets  0.005  110 0.00045 
2  Insulator  0.005 0.05 0.1 
3 Air gap  0.05 0.026 1. 9231 
4 Aluminum  0.004 204 0.00001961 
 
U = 0.46 w/m²   
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3.7.3 East and west walls  
 
Granite 
Stone 
 
 
Local Brick  
 
 
Cement 
 
Table (3.3): 
No Material Thickness 
X (m) 
Thermal 
Conductivity K 
Thermal 
Resistance(X/K) 
1. Granite Stone  0.2 3.5 0.057 
3 Local brick   0.4 1.333 0.300 
4 Cement  0.05 0.727 0.0688 
U = 1.50 w/m²  
3.7.4 Roof:  
The hall is made up of a steel hanger so the roof is a low sloping roof 
inclined to an angle 5.7 so being very small angle companied to the large 
width the roof is assumed to be flat. 
Steel 
Insulation 
Air Gap 
Aluminum 
 
*external thermal resistance of the roof =0.106 
And  
 * Internal thermal resistance of the roof =0,04 
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Table (3.4): 
No Material Thickness 
X(m)  
Thermal 
Conductivity 
K 
Thermal 
Resistance(X/K)
1 Steel  0.06 52 0.00154 
2 Insulation  0.08 1.930 0.0415 
3 Air gap  3 0.0025 115.4 
4 Aluminum  0.04 204 0.0001960 
U = 0.00865 w/m². 
3.7.5 Floor:  
Marble 
Concrete 
Mezico 
Concrete 
 
Table (3.5): 
No Material Thickness 
X(m) 
Thermal Conductivity
K 
Thermal 
Resistance(X/K)
1 Marble  0,05 8.517 0.0059 
2 Concrete 0.05 0.76 0.0658 
3 Mezico  0.05 1.6 0.0313 
4 Concrete 0.05 0.76 0.0658 
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Note:  
a. External resistance = 0.0106 w/m²  
b. Internal resistance = 0.04 w/m² 
U = 3.18w/m² 
3.8  Heat Gain Through Walls. 
Considering months: April / August, may / July and June as well as 24 
hours calculation per day. 
Considering the hour time 13, in month of June, as a sample of 
calculation. 
3.8.1 Heat Gain Through Walls and Roofs at Zone A: 
Using equation (3.1) [2]: 
  Q = U*A*CLTDcorrect. 
a. North Wall: 
 U = 1.64 W/m². 
 A = 60 m²    Appendix B 
 CLTDcorrect = 11.49 [Appendix A table (A8)]. 
Therefore, 
Q = 1.64* 60*11.49 = 1130.6 W. 
b.  South Wall: 
U = 1.64W/m². 
A = 60 m² (Appendix B) 
CLTDcorrect = 9.55 [Appendix A table (A8)]. 
Therefore, 
Q = 1.64*60*9.55 = 939.72W. 
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c.  East Wall: 
 U = 1.50 W/ m². 
 A = 600 m².²    Appendix B 
 
CLTDcorrect =18.93 (Appendix A table (A8)) 
Therefore, 
Q = 1.50*600*18.93= 17037 W. 
d. Roof: 
U = 0.00865 W/ m². 
A = 1800 m².²    Appendix B 
CLTDcorrect =28.15 [Appendix A table (A8)]. 
Therefore, 
Q = 0.00865*1800*28.15 =438.3W. 
Likewise, heat gain through walls and roof,  for zone A of all the three 
months were calculated as shown in  tables A10 , A11 and A12  
Appendix A 
3.8.2 Heat Gain through walls and roof at Zone B 
Using equation (3.1)[2]: 
 Q = U*A*CLTDcorrect 
a. North Wall: 
  U = 1.64 W/m². 
  A = 120m².²    Appendix B 
CLTDcorrect = 11.49[Appendix A table (A8)]. 
Therefore, 
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Q= 1.64* 120*11.49 = 2261.2W. 
b. South Wall: 
  U = 1.64 W/m². 
  A = 120m².²    Appendix B 
CLTDcorrect = 9.55 [Appendix A table (A8)]. 
Therefore, 
Q = 1.64*120*9.55 = 1879.4W 
c.  Roof: 
U = 0.00865 W/m². 
  A = 3600m².²    Appendix B 
CLTDcorrect = 28.15[ Appendix A table (A8)]. 
Therefore, 
Q = 0.00865*3600*28.15=876.6W 
Likewise, heat gain through walls and roof,  for zone B of all the three 
months were calculated as shown in tables A13 , A14 and A15    
Appendix A. 
3.8.3 Heat Gain Through Walls and Roof at Zone C 
Using equation (3.1)[2]: 
  Q = U*A*CLTDcorrect 
a. North Wall: 
  U = 0.46 W/m². 
  A = 78.7m².²    Appendix B 
CLTDcorrect = 11.49 [Appendix A table (A8)]. 
Therefore, 
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Q = 0.46* 78.7*11.49 = 415.96W. 
b. South Wall: 
  U = 0.46 W/m². 
  A = 78.7m².²    Appendix B 
CLTDcorrect = 9.55 [Appendix A table (A8)]. 
Therefore, 
Q = 0.46*78.7*9.55 = 345.7W 
c. West Wall: 
  U = 1.50W/m². 
  A = 600m².²    Appendix B 
CLTDcorrect = 20.82 [Appendix A table (A8)]. 
Therefore, 
Q = 1.50*600*20.82 = 18738W 
d. Roof: 
U = 0.00865 W/m². 
  A = 2361m².²    Appendix B 
CLTDcorrect = 28.15 [Appendix A table (A8)]. 
Therefore, 
Q = 0.00865*2361*28.15=575W. 
Likewise, heat gain through walls and roof, for zone C      of all the three 
months were calculated as shown in tables A16 , A17 and A18   
Appendix A. 
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3.9  Heat Gain Through Glass 
Glass normally absorbs about 5-6% of the incident sun radiation while 
allows the rest to be transmitted through it, this depend upon the incident 
ray. 
About 8-9% of the quantity of radiation passing through the glass, it is 
reflected while 86-87% is transmitted, and as the angle of incident 
increase on the glass sun face, the reflected ray also increases. 
So, the total heat gain through glass in conditioned space depends upon 
the solar radiation through glass as well as the quantity of heat conducted 
through it. 
i.e. Total heat admitted through glass : 
Qg = Ag (SC) (SHGF)max (CLF)t + Ug Ag (CLTD) tg   ------------ (3.5)[2]     
Where, 
Ag ≡ Area of glass in (m²) 
SC ≡ shading coefficient which is the ration between shaded and 
unshaded glass 
(SHGF) ≡ Peak (max) solar heart gain factor for the given latitude, 
orientation and month. 
This term: 
Ag (SC) (SHGF)max (CLF)t represents cooling load by radiation through 
the glass. 
While: 
Ug ≡ V Conductance of glass (w/m2 °C) 
(CLTD) tg ≡ Cooling load temperature difference for glass at time t (°C) 
This term: 
Ag Ug (CLTD) tg  represents load by conduction through glass. 
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Note : 
The Cooling load factor (CLF) is used to assess the solar gain through 
window and internal heat sources. 
The (CLTD) and (CLF) vary with time and are a function of 
environmental conditions and building parameter. 
3.9.1 Calculation of Heat Gain Through Glass by Conduction. 
Heat gain by conduction through glass by using the general equation 
Q = Ug * Ag * CLTDcorrect   -----------------------(3.6)[2] 
Where : 
CLTDcorrect = CLTD + (25.5 – Tr) + (To – 29.4). 
Choosing hour time 13 as a sample of calculation and using the values of 
CLTD through glass for all months of the year as shown in Table (A19) 
Appendix A. 
Therefore, 
CLTDcorrect = 3.89 + (25.5-25) + ( 36.50- 29.4) = 11.49. 
Likewise, CLTDcorrect  was calculated for all hours of the day, as shown in 
Table (A20) Appendix A. 
3.9.2  U- Values 
a. Ug was selected to be 5.6 w/m2 °C (single glazing with metallic 
frame (6 mm)). 
b. Ug 2 was selected for double glazing 12 mm with metallic frame 
3w/m2 °C . 
Therefore substituting the results in the equation (3.6)[2] 
Q = Ug * Ag * CLTDcorrected. 
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a. At Zone A: 
At hour time 13 and Ag is equal to 32m² Table (B 6) Appendix B. 
Q = 5.6* 32*11.49 = 2059 W. 
b. At Zone B: 
At hour time 13 and Ag is equal to 30m² Table (B6) Appendix B. 
Q = 5.6 * 30 * 11.49 =1930.3W. 
c.  For the Double Glazing Window 
Q = 3*10*11.49 = 344.7W. 
d. At Zone C: 
At hour time 13 and Ag is equal to 92m² Table (B 6) Appendix B. 
Q = 5.6 * 92 * 11.49 =5919.6W. 
Likewise, Heat Gain by conduction through glass was calculated for all 
hours of the day, as shown in Table (A21) and (A22) Appendix A. 
3.9.3 Calculation of Heat  Gain Through Glass by Radiation 
Cooling load calculations by radiation through glass is found from the 
general equation: 
Q(r) = Ag* (SC)* (SHGF)*(CLF) --------------------- (3.7)[2] 
Where, 
SC = 0.94 according to the specification of the glass, and its    properties 
in[2] ASHRAE as shown in Appendix B 
SHFG = according to [2] ASHRAE Table 15 chapter 29 and as it is 
shown in Appendix A Table (A23) 
CLF = according to [2] ASHRAE Handbook Table (A30) Appendix A 
Choosing hour time as 13, and month of June, as a sample of calculation. 
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3.9.3.1 At Zone A: 
a. North Side: 
Q(r) = Ag* (SC)* (SHGF)*(CLF). 
Q(r) = 9* 0.94* 179.84*0.89 = 1354.1W. 
b.  South Side: 
Q(r) = Ag* (SC)* (SHGF)*(CLF). 
Q(r) = 9* 0.94* 129.36*0.80=875.5W. 
c.  East Side: 
Q(r) = Ag* (SC)* (SHGF)*(CLF). 
Q(r) = 14* 0.94*258.71*0.24 =817.11W. 
Total heat gain by radiation through glass at Zone A = 3001W 
Likewise Cooling Load by Radiation through glass on three months at 
Zone A shown in Tables (A31),(A32)and (A33) Appendix A. 
3.9.3.2 At Zone B 
a. North Side: 
Q(r) = Ag* (SC)* (SHGF)*(CLF). 
Q(r) = 15* 0.94*179.84*0.89 =2256.8 W. 
 b. South Side: 
Q(r) = Ag* (SC)* (SHGF)*(CLF). 
Q(r) = 15* 0.94* 129.36*0.80 =1459.2 W. 
Total heat gain by radiation through glass at Zone B = 3716W. 
c. For Double Glazing Window: 
 d. South Side: 
Q(r) = Ag* (SC)* (SHGF)*(CLF). 
 Q(r) = 10* 0.80* 129.36*0.80 =827.9 W. 
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Likewise Cooling Load by Radiation through glass on three months at 
Zone B shown in Tables (A34),(A35), (A36) and (A37) Appendix A. 
3.9.3.3 At Zone C 
a. West Side: 
Q(r) = Ag* (SC)* (SHGF)*(CLF). 
Q(r) = 92* 0.73*78.88*0.11 =582.7 W. 
Likewise Cooling Load by Radiation through glass on three months at 
Zone C shown in Table (A38) Appendix A. 
Therefore, 
Total heat gain by glass= heat gain by Conduction heat gain by radiation.                           
Therefore, 
At 13 hour time on month of June, total heat gain by glass will be: 
3.9.4 At Zone A: 
Total heat gain = 2059+3001 = 5060W 
Similarly all the three months were calculated and listed in Tables (A39), 
(A40) and (A41) Appendix A 
3.9.5 At Zone B: 
Total heat gain = 1930.3+3716+344.7+827.9 = 6818.6W 
Similarly all the three months were calculated and listed in Tables (A42), 
(A43) and (A44) Appendix A 
3.9.6 At Zone C: 
Total heat gain = 5919.6+2561.9 = 8481.5W 
Similarly all the three months were calculated and listed in Tables 
(A45),(A46) and (A47) Appendix A 
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3.10  Heat Gain  Due to Infiltration and Ventilation 
3.10.1 Infiltration: 
Infiltration is known as the uncontrolled entry of unconditioned outside 
air directly or indirectly into the building through cracks or under-door 
apertures, and this results from natural forces like wind buoyancy or due 
to the temperature difference between inside and outside the building. 
This cause pressure difference and as a result the air move, and affect the 
cooling load of the conditioned space. 
In the hall there are several causes of infiltration:- 
a. Public sliding doors. 
b. Luggage apertures. 
The cooling load due to infiltration is divided into two parts:- 
a. Sensible heat gain. 
b. Latent heat gain. 
 
a. Sensible Heat Gain: 
This is calculated by using the equation:- 
Qsi = 0.35 * α * V (To – Ti).--------------------(3.8)[2] 
Where, 
Qsi   = Sensible Heat gain 
α  = number of air exchange per hour. 
V  = Volume of the room 
To  = Outside air temperature 
Ti  = Inside air temperature  
But: 
To = 44 °C 
Ti = 25 °C 
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On studying the hall structure value of the zones is as follows: 
Table (3.6) 
Zone  A B C 
Volume (m3) 8653.2 10639.8 13977.12 
α per hour  1 (Entrance Hall) 0.5 Air is tight  0.5 Air is tight 
 Where: 
α ≡ Number of air changes per hour which according to[2]ASHRAE 
handbook of fundamentals 1997. 
Therefore, 
a. At Zone A: 
Qsi = 0.35 * α * V (To – Ti). 
= 0.35 * 1 * 8653.2 * ( 44 – 25) = 57543.8W 
b.  At Zone B: 
Qsi = 0.35 * α * V (To – Ti). 
 = 0.35 * 0.5 * 10639.8 * (44 – 25) = 35377.3W 
c. At Zone C 
Qsi = 0.35 * α * V (To – Ti). 
      = 0.35 * 0.5 * 13977.12* (44 – 25 ) = 46473.9W 
b.  Latent Heat gain: 
This is calculated from the equation:- 
QLi = 0.87 * α * V * (Wo – Wi) -----------------------(3.9)[2] 
Where: 
QLi = Infiltration latent load. 
α = number of air changes per hour 
V = Volume of the room 
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Wo = Outside specific humidity Kg/Kg of dry air. 
Wi = inside specific humidity. 
And: 
Wo = 0.01145 Kg/Kg of dry air. 
Wi = 0.0098 / Kg of dry air. 
Therefore, 
a. At Zone A: 
QLi = 0.87 * α * V * (Wo – Wi). 
 = 0.87 * 1* 8653.2 * ( 0.01145 – 0.0098) = 12.42W 
b. At Zone B: 
QLi = 0.87 * α * V * (Wo – Wi) 
 = 0.87 *0.5*10639.8 * (0.01145 - 0.0098) = 7.64W. 
c. At Zone C: 
QLi = 0.87 * α * V * (Wo – Wi) 
 = 0.87 * 0.5 * 13977.12 * (0.01145 – 0.0098) = 10.03W. 
Therefore, 
 QT =  Qsi   +   QLi    -------------------(3.10) 
Total Load Due to Infiltration: 
Table (3.7) 
   Qi 
Zone 
Qsi QLi Total  
A 57543.78 12.42   57556 
B 35377.3 7.64 35384.9 
C 46473.9 10.03 46483.9 
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3.10.2 Ventilation: 
Ventilation is defined as the intentionally brought air into the building by 
mechanical (like fans) or natural means. 
The entry of outside air into the building envelop influences both the air 
temperature and humidity level. It also depends upon the number of 
people present and the volume of the room. 
Therefore, as infiltration ventilation has sensible and latent loads. The 
entry of fresh air is very important to provide healthy environment. The 
quantity of air needed for the space differs according to the number of 
people present, height of the ceiling and number of smokers. So, quantity 
of fresh air needed for every person is about 8.89 m3/h[3]. 
 QV = QVS + QVL     --------------------(3.11)[2] 
Where:- 
QV = Heat gain due to ventilation. 
QVS = Sensible heat gain due to ventilation.  
QVL = Latent heat gain due to ventilation. 
But:- 
QVS = 0.35 * n * Q * ( To – Ti).------------------(3.12)[2] 
And: 
QVL = 0.87 * n * Q * (Wo – Wi).------------------(3.13)[2] 
Where:- 
n = number of people in space. 
Q = rate of air flow per person . 
 
 44
Table (3.8) 
Zone  A B C 
n 568 565 250 
Q 17 20 20 
Q was selected according to the attached table in Appendix B. 
a. Sensible Heat Gain Due to Ventilation: 
a.  At Zone A: 
QVS = 0.35 * n * Q * ( To – Ti). 
       = 0.35 * 568 * 17 * (44 – 25)  = 64212W. 
b. At Zone B: 
QVS = 0.35 * n * Q * ( To – Ti). 
       = 0.35 * 565 *20 * (44 – 25) = 75145W. 
c. At Zone C: 
QVS = 0.35 * n * Q * ( To – Ti). 
 
b. Latent  Heat Gain Due to Ventilation: 
a. At Zone A: 
QVL = 0.87 * n * Q * (Wo – Wi). 
    = 0.87 * 568 * 17 * (0.01145 – 0.0098) = 13.86W 
b. At Zone B: 
QVL = 0.87 * n * Q * (Wo – Wi). 
  = 0.87 * 565 * 20 * (0.01145 – 0.0098) = 16.22W. 
c. At Zone C: 
QVL = 0.87 * n * Q * (Wo – Wi). 
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  = 0.87 * 250 * 20 * (0.01145 – 0.0098) = 7.178W. 
Therefore, 
Table (3.9) shows the Total heat gain due to Ventilation: 
zone  
QV 
QVS  (W) QVL(W) Total (W) 
A 64212 13.86 64225.86 
B 75145 16.22 75161 
C 33250 7.178 33257 
 
3.11 Internal Loads 
3.11.1 Heat Gain Loads from People: 
This is of two parts sensible and latent, which is the rate of heat 
production by human body due to internal metabolisms digestion and 
others, which differs from one person to other according to the person's 
activity. 
Metabolisms taking place in a healthy body varies according to the 
activity and the body is capable to maintain normal body temperature. 
Body usually gets rid of heat through skin which can be transferred into 
the environment through conduction, radiation or sweating. 
So, quantity of heat loss by conduction and radiation can be calculated 
through the difference between body temperature and the environment 
temperature; Body temperature depends upon the quantity of blood being 
pressurized to the skin surface. 
While, quantity of heat lost due to sweating can be calculated according 
to the vapor pressure difference between the body and the surrounding 
air. 
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This can be calculated from the equation:- 
Q = n *Qps  * CLF ---------------------------(3.14)[2] 
Where:- 
N = Number of people  
CLF = Sensible load from occupants as a function of time spent in the 
space and hours of entry as shown in table(A48) and(A49) Appendix A. 
Qps  = Rate of heat gain from occupants. 
Zone A B C 
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a.   Sensible Heat Gain from People: 
Selecting hour time 13 as a sample of calculation 
a. At Zone A: 
Q1 = n *Qps  * CLF. 
      = 550 * 90 *0.03 = 1485W. 
Q2 = 18 *75 *0.18 = 243W. 
Total of heat gain = 1728W. 
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Likewise Sensible heat Gain from people at Zone A shown in Table 
(A50) Appendix A 
b.  At Zone B: 
Q1 = n *Qps  * CLF. 
      = 550 * 90 *0.03 = 1485W. 
Q2 = 5 *75 *0.18= 67.5W. 
Q3 = 10 *165 *0.03= 49.5W. 
Total of heat gain = 1602W. 
Likewise Sensible heat Gain from people at Zone B shown in Table 
(A51) Appendix A. 
c. At Zone C: 
Q1 = n *Qps  * CLF. 
      = 150 * 90 *0.03 = 405W. 
Q2 = 100*75 *0.18 = 1350W. 
Total of heat gain = 1755W. 
Likewise Sensible heat Gain from people at Zone C shown in Table 
(A52) Appendix A. 
b. Latent Heat Gain from People: 
a.  At Zone A: 
Q1 = n *Qps  * CLF. 
      = 550 * 95 *0.03 = 1567.5W. 
Q2 = 18 *75 *0.18 = 243W. 
Total of heat gain = 1810.5W. 
Likewise Latent heat Gain from people at Zone A shown in Table (A53) 
Appendix A. 
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b. At Zone B: 
Q1 = n *Qps  * CLF. 
      = 550 * 95 *0.03 = 1567.5W. 
Q2 = 5 *55 *0.18 = 49.5W. 
Q3 = 10 *300 *0.03= 90W. 
Total of heat gain = 1707W. 
Likewise Latent heat Gain from people at Zone B shown in Table (A54) 
Appendix A. 
c. At Zone C: 
Q1 = n *Qps  * CLF. 
     = 150 * 95 *0.03 = 427.5W. 
Q2 = 100*75 *0.18 = 1350W. 
Total of heat gain = 1777.5W 
Likewise Latent heat Gain from people at Zone C shown in Table (A55) 
Appendix A. 
Therefore, 
3.11.2 Total Heat Gain from People: 
a. At Zone A: 
Qp = Qs  + QL  
    = 1728 + 1810.5 = 3538.5W. 
Likewise Total heat Gain from people at Zone A shown in Table (A56) 
Appendix A 
b. At Zone B: 
Qp = Qs  + QL  
      = 1602 + 1707 = 3309W. 
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Likewise Total heat Gain from people at Zone B shown in Table (A57) 
Appendix A 
c. At Zone C: 
Qp = Qs  + QL  
      = 1755 + 1777.5 = 3532.5W. 
Likewise Total heat Gain from people at Zone C shown in Table (A58) 
Appendix A 
 
3.12 Cooling Load Due to Lighting 
Lighting generates sensible heat load due to the change of electrical 
energy into light and heat energy.  
This energy is transferred into the surrounding by radiation and 
conduction. 
The radiated part of the load is usually stored in the near by bodies to be 
transferred to a cooling load. 
Fluorescent lamps transfer 25% of the electrical energy into light energy 
and 25% radiated energy and 50% conduction heat gain. 
Heat gain by radiation from lighting depends upon the number of the 
lighting, the way are connected and air distribution in the space. 
Cooling load due to lighting can be dominant in the continuous situation. 
This load is entirely sensible, and there are certain factors that influence 
the instantaneous load gain and cooling load from lighting. 
Q = N*W*Fu*Fs*CLF-----------------------(3.15).[2] 
Where, 
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N ≡ Number of lamps 
W ≡ Wattage of the fixtures 
Fs ≡ Special factor that represents the energy consumed is not equal to 
the wattage and it is equal to 1.2 for 40 w lamp 
Fu ≡ User factor (Fu) which is the ration between wattage in use and 
installed wattage and is equal to 0.85 
CLF ≡ Is the cooling load factor of lamps which is equal to 1 for 24 hours 
continuous use. 
Therefore :- 
Table (3.10) 
Zone 
 
A B C 
N 100 260 150 
Each has 
4 lamps 
400 1000 600 
 
At Zone A: 
From equation (3.15)[2]: 
Q = N*W*Fu*Fs*CLF. 
   = 400 * 40 * 0.85 * 1.2 *1. 
   = 16320W. 
At Zone B: 
Q = N*W*Fu*Fs*CLF. 
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   = 1000 * 40 * 0.85 * 1.2 * 1. 
   = 40800W. 
At Zone C: 
Q = N*W*Fu*Fs*CLF. 
   = 600 * 40 * 0.85 *1.2*1. 
  = 24480W. 
∴Total   Load of lighting in every hour is 
Table (3.11) 
Q 
Zone 
Q 
A 16320 
B 40800 
C 24480 
 
3.13 Cooling Load Due to Floor 
This can be calculated from the equation :- 
Qfloor = U*A*(Tg – Tr) --------------------------(3.16)[2]. 
Where, 
U ≡ Thermal conductivity of the floor = 3.18 w/m2 °C 
A ≡Area of the zone. 
(Tg – Tr) ≡ Temperature difference. 
Therefore :- 
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Table (3.12): 
 A B C 
U w/m²˚C 3.18 3.18 3.18 
Area (m²) 1800 3600 2361 
(Tg – Tr)˚C 4 4 4 
Qfloor   W 22896 45792 30032 
 
3.14 Cooling Load Due to Equipment and Appliance 
All electrical machines generates sensible and latent loads and 
transfer it into the surroundings. 
Electrical motors generates the sensible loads to the space by the 
transfer of the electrical energy into mechanical energy. 
 
Equipment A B C 
Computers 16 - - 
X ray machine 2 4 - 
Cashier - - 2 
Luggage belts - 4 - 
Refrigerators - - 2 
Steam kettle - - 3 
Food warmer - - 1 
Blender  - - 1 
From the general equation 
Qe = N*Heat gain ---------------------------(3.17).[2} 
Where, 
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Heat gain ≡ power of the equipment 
Therefore :- 
Cooling load gain from appliance every hour 
Table (3.13): 
Zone A B C 
Load (w) 4600 4800 7421.4 
 
3.15 Summary: 
After analyzing the calculated results of total heat gain by the building 
envelop it is found that the max cooling load for each zone. 
Table (3.14): 
Zone Cooling load 
(KW) 
Cooling  load ( Ref 
Tons) 
A 193.7 55 
B 217.1 62 
C 174.9 50 
Total 586 167 
 
Note: 
1 KW = 3.516 Refrigerant Tons. 
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Cooling Load Gain in Month of April / Aug at Zone A 
 North 
wall 
South 
wall 
East 
wall 
Roof Floor Glass Vent. Infilt. People Lighting Applian Total 
(W) 
Total 
(KW) 
In 
Ref 
Ton 
1 1075.5 1294.4 16191 122.7 22896 964.1 64226 57556 51235 16320 4600 236481 236048 67.3 
2 1075.5 1267.4 15759 113.97 22896 863.7 64226 57556 60662 16320 4600 245339 245.339 69.8 
3 1048.9 1239.8 15336 105.4 22896 765.2 64226 57556 19107 16320 4600 203200 203.200 57.8 
4 1021.4 1212.3 14490 96.7 22896 664.8 64226 57556 15172 16320 4600 198255 198.255 56.4 
5 993.6 1185.7 14058 92.3 22896 664.8 64226 57556 12227 16320 4600 194819 194.819 55.4 
6 966.3 1158.2 13635 88.13 22896 979.37 64226 57556 10300 16320 4600 192725 192.725 54.8 
7 939.7 1130.6 13212 96.7 22896 6857.2 64226 57556 9336.7 16320 4600 197170 197.171 56.1 
8 939.7 1103.1 12780 131.3 22896 9019.5 64226 57556 8373 16320 4600 197945 197.94 56.3 
9 939.7 1076.5 13212 187.5 22896 8544.6 64226 57556 6113.5 16320 4600 195672 195.67 55.7 
 55
10 939.7 1076.5 14058 252.4 22896 6649 64226 57556 4880 16320 4600 193454 193.45 55.0 
11 939.7 1076.5 15336 321.7 22896 5507.7 64226 57556 4745 16320 4600 193525 193.52 55.0 
12 939.7 1076.5 16191 382.1 22896 4131.5 64226 57556 3619.5 16320 4600 191938 191.938 54.6 
13 939.7 1130.6 17037 433.9 22896 4736.9 64226 57556 3538.5 16320 4600 193415 193.415 55.0 
14 966.3 1158.2 15336 469 22896 5075.9 64226 57556 2440 16320 4600 191043 191.04 54.3 
15 993.8 1212.3 15759 486 22896 5077.4 64226 57556 2386 16320 4600 191512 191.513 54.5 
16 1021.4 1267.4 15759 472.6 22896 4625 64226 57556 2359 16320 4600 191103 191.103 54.4 
17 1048.9 1322.5 18315 460 22896 3898.2 64226 57556 2305 16320 4600 189948 189.95 54.0 
18 1075.5 1349 18315 416.8 22896 2176.6 64226 57556 1260.5 16320 4600 190191 190.191 54.1 
19 1075.5 1376.6 18315 356 22896 1860 64226 57556 1233.5 16320 4600 189815 189.815 5309 
20 1103 1376.6 15759 282.9 22896 1661 64226 57556 1206.5 16320 4600 186987 186.987 53.2 
21 1130.6 1376.6 15336 220.6 22896 1462.3 64226 57556 1179.5 16320 4600 186304 186.30 52.9 
22 1130.6 1376.6 17037 178.6 22896 1261.6 64226 57556 1071.5 16320 4600 187653 187.65 53.4 
23 1103 1349 17037 152.9 22896 1163 64226 57556 1071.5 16320 4600 187470 187.47 53.3 
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24 1103 1322.5 16605 135.8 22896 1062.7 64226 57556 1044.5 16320 4600 196270 196.27 55.8 
Month of May / July At Zone A 
 North 
wall 
South 
wall 
East 
wall 
Roof Floor Glass Vent. Infilt. People Lighting Applian Total 
(W) 
Total 
(KW) 
In 
Ref 
Ton 
1 1130.6 1130.6 16191 127.05 22896 964.1 64226 57556 51235 16320 4600 236376 236.376 67.2 
2 1130.6 1104 15759 118.3 22896 863.7 64226 57556 60662 16320 4600 245236 245.236 69.7 
3 1103 11076.5 15336 109.77 22896 765.2 64226 57556 19107 16320 4600 203095 203.095 57.8 
4 1075.5 1048.9 14490 101.05 22896 664.8 64226 57556 15172 16320 4600 198150 198.150 56.4 
5 1048.9 1021.4 14058 96.7 22896 664.8 64226 57556 12227 16320 4600 197714 197.714 55.4 
6 1021.4 993.84 13635 9205 22896 1783.94 64226 57556 10300 16320 4600 193425 193.425 55.0 
7 993.8 967.3 13212 101.05 22896 7144.4 64226 57556 9336.7 16320 4600 197353 197.353 56.13 
8 993.84 939.7 12789 135.6 22896 9060.85 64226 57556 8373 16320 4600 197889 197.889 56.3 
9 993.84 912.2 13212 191.8 22896 10522.1 64226 57556 6113.5 16320 4600 197540 197.540 56.2 
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10 993.84 912.2 14058 256.7 22896 6699.3 64226 57556 4880 16320 4600 193398 193.398 55.0 
11 993.84 912.2 15336 326 22896 4853.35 64226 57556 4745 16320 4600 192764 192.764 54.8 
12 993.84 912.2 16191 386.4 22896 4231.5 64226 57556 3619.5 16320 4600 191935 191.935 54.5 
13 993.84 967.3 17037 438.3 22896 4856.7 64226 57556 3538.5 16320 4600 193430 193.430 55.0 
14 1021.4 993.84 17460 473.3 22896 5278.2 64226 57556 2440 16320 4600 193265 193.265 54.9 
15 1048.9 1048.9 15759 490.5 22896 5393.3 64226 57556 2386 16320 4600 191725 191.725 54.5 
16 1075.5 1104 15759 477.2 22896 5050 64226 57556 2359 16320 4600 191423 191.423 54.4 
17 1103 1158.2 18315 464 22896 4389.1 64226 57556 2305 16320 4600 193332 193.332 54.9 
18 1130.6 1185.7 18315 421.2 22896 2610.6 64226 57556 1260.5 16320 4600 190522 190.522 54.1 
19 1130.6 1213.3 18315 360.4 22896 1860 64226 57556 1233.5 16320 4600 189711 189.711 53.9 
20 1158.2 1213.3 15759 287.3 22896 1661 64226 57556 1206.5 16320 4600 186883 186.883 53.1 
21 1184.7 1213.3 15336 225 22896 1462.3 64226 57556 1179.5 16320 4600 186199 186.199 53.0 
22 1184.7 1213.3 17037 182.9 22896 1261.6 64226 57556 1071.5 16320 4600 187548 187.548 53.3 
23 1158.2 1185.7 17037 157.3 22896 1163 64226 57556 1071.5 16320 4600 187370 187.370 53.3 
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24 1158.2 1158.2 16605 140.13 22896 1062.7 64226 57556 1044.5 16320 4600 186766 186.766 53.1 
Month of June At Zone A 
 North 
wall 
South 
wall 
East 
wall 
Roof Floor Glass Vent. Infilt. People Lighting Applian Total 
(W) 
Total 
(KW) 
In 
Ref   
Ton 
1 1267.4 1103 16191 127.05 22896 964.1 64226 57556 51235 16320 4600 236485 236.485 67.3 
2 1267.4 1076.5 15759 118.3 22896 863.3 64226 57556 60662 16320 4600 245345 245.345 69.8 
3 1239.8 1048.9 15336 109.77 22896 765.2 64226 57556 19106.5 16320 4600 203204 203.204 57.8 
4 1212.3 1021.4 14490 101.05 22896 664.8 64226 57556 15171.5 16320 4600 195649 195.649 55.6 
5 1185.7 993.84 14058 96.7 22896 664.8 64226 57556 12227 16320 4600 194824 194.824 55.4 
6 1158.2 966.3 13635 92.5 22896 2059.4 64226 57556 10300 16320 4600 193809 193.809 55.1 
7 1130.6 939.7 13212 101.05 22896 7193.4 64226 57556 9336.5 16320 4600 197511 197.711 56.2 
8 1130.6 912.2 12789 135.6 22896 9074.7 64226 57556 8373 16320 4600 198013 198.013 56.3 
9 1130.6 884.6 13212 191.8 22896 8660.6 64226 57556 6113.5 16320 4600 195791 195.791 55.7 
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10 1130.6 884.6 14058 256.7 22896 6857.98 64226 57556 4880 16320 4600 193666 193.666 55.1 
11 1130.6 884.6 15336 326 22896 5085.89 64226 57556 4745 16320 4600 193105 193.105 54.9 
12 1130.6 884.6 16191 386.4 22896 4458.5 64226 57556 3619.5 16320 4600 192269 192.269 54.7 
13 1130.6 939.7 17037 438.3 22896 5060 64226 57556 3538.5 16320 4600 193742 193.742 55.1 
14 1158.2 966.3 15336 473.3 22896 5544 64226 57556 2440 16320 4600 191516 191.516 54.5 
15 1185.7 1021.4 15759 490.5 22896 5708.4 64226 57556 2386 16320 4600 192149 192.149 54.6 
16 1212.3 1076.5 15759 477.2 22896 5329.6 64226 57556 2359 16320 4600 191812 191.812 54.6 
17 1239.8 1130.6 18315 464 22896 4633 64226 57556 2305 16320 4600 193685 193.685 55.0 
18 1267.4 1158.2 18315 421.2 22896 2798 64226 57556 1260.5 16320 4600 190818 190.818 54.3 
19 1267.4 1185.7 18315 360.4 22896 1860 64226 57556 1233.5 16320 4600 189820 189.820 54.0 
20 1295 1185.7 15759 287.3 22896 1661 64226 57556 1206.5 16320 4600 186993 186.993 53.2 
21 1321.5 1185.7 15336 225 22896 14623 64226 57556 1179.5 16320 4600 186308 186.306 53.0 
22 1321.5 1185.7 17037 182.9 22896 1261.6 64226 57556 1071.5 16320 4600 187658 187.658 53.4 
23 1295 1158.2 17037 157.3 22896 1163 64226 57556 1071.5 16320 4600 187480 187.480 53.3 
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24 1295 1121.8 16605 140.13 22896 1062.7 64226 57556 1044.5 16320 4600 186867 186.867 53.1 
Cooling Load Gain in Month of April / Aug at Zone B 
 North 
wall 
South 
wall 
Roof Floor Glass Vent. Infilt. People Lighting Applian Total 
(w) 
Total 
(kw) 
In Ref 
Ton 
1 2151 2589.9 245.4 45792 1065.2 75161 35385 53135.8 40800 4800 261125 251.125 74.3 
2 2151 2534.8 227.9 45792 954.4 75161 35385 61997.8 40800 4800 224204 224.204 63.8 
3 2098 2479.7 210.8 45792 845.5 75161 35385 18619.8 40800 4800 226192 226.192 64.3 
4 2042.8 2424.6 193.4 45792 734.6 75161 35385 14316.5 40800 4800 221650 221.650 63.0 
5 1987.7 2371.4 184.7 45792 734.6 75161 35385 11090 40800 4800 218306 218.306 62.1 
6 1932.6 2316.3 176.3 45792 805.8 75161 35385 8944 40800 4800 216113 216.113 61.5 
7 1879.4 2261.2 184.7 45792 1675.4 75161 35385 7871 40800 4800 215810 215.810 61.4 
8 1879.4 2206.1 262.5 45792 2120.1 75161 35385 6798 40800 4800 215204 215.204 61.2 
9 1879.4 2153 374.9 45792 3002.2 75161 35385 5545 40800 4800 214893 214.893 61.1 
10 1879.4 2153 504.8 45792 4135.6 75161 35385 4434.5 40800 4800 215045 215.045 61.2 
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11 1879.4 2153 643.4 45792 5427.1 75161 35385 4385.8 40800 4800 216427 216.427 61.5 
12 1879.4 2153 764.2 45792 5150 75161 35385 3320.3 40800 4800 215205 215.205 61.2 
13 1879.4 2261.2 967.9 45792 1065.2 75161 35385  3309 40800 4800 216333 216.333 61.5 
14 1932.6 2316.3 937.9 45792 954.4 75161 35385 2214.3 40800 4800 214816 214.816 61.1 
15 1987.7 2424.6 972.2 45792 845.5 75161 35385 22068 40800 4800 214236 214.236 60.9 
16 2042.8 2534.8 945.7 45792 734.6 75161 35385 2203 40800 4800 213646 213.646 60.8 
17 2097.7 2645 919.3 45792 734.6 75161 35385 2195.5 40800 4800 213276 213.276 60.6 
18 2151 2698.1 833.6 45792 805.8 75161 35385 1114.3 40800 4800 211104 211.104 60.0 
19 2151 2261.2 712.2 45792 1675.4 75161 35385 1110.5 40800 4800 210720 210.720 59.9 
20 2206 2753.2 565.8 45792 2120.1 75161 35385 1106.8 40800 4800 210405 210.405 59.8 
21 2261.2 2753.2 441.3 45792 3002.2 75161 35385 1103 40800 4800 210112 210.112 59.8 
22 2261.2 2753.2 357.2 45792 4135.6 75161 35385 1099.3 40800 4800 209803 209.803 59.7 
23 2206 2698.1 305.8 45792 5427.1 75161 35385 1099.3 40800 4800 209532 209.532 59.6 
24 2006 2645 271.5 45792 5150 75161 35385 1095.5 40800 4800 209330 209.330 59.5 
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Cooling Load Calculations on Month of May / July At Zone B 
 North 
wall 
South 
wall 
Roof Floor Glass Vent. Infilt. People Lighting Applian Total 
(W) 
Total 
(KW) 
In Ref 
Ton 
1 2261.2 2261.2 254.1 45792 1065.2 75161 35385 53135.8 40800 4800 260916 260.916 74.3 
2 2261.2 2208.1 236.7 45792 954.4 75161 35385 61997.8 40800 4800 269596 269596 63.8 
3 2206.1 2153 219.5 45792 845.5 75161 35385 18619.8 40800 4800 225982 225982 64.3 
4 2151 2098 202.1 45792 734.6 75161 35385 14316.5 40800 4800 221440 221.440 63.0 
5 2098 2042.8 193.4 45792 734.6 75161 35385 11090 40800 4800 218097 218.097 62.1 
6 2042.8 1987.7 184.97 45792 805.8 75161 35385 8944 40800 4800 216305 216.305 61.5 
7 1987.7 1934.5 202.1 45792 1675.4 75161 35385 7871 40800 4800 216314 216.314 61.4 
8 1987.7 1879.4 271.2 45792 2120.1 75161 35385 6798 40800 4800 215734 215.734 61.2 
9 1987.7 18243 383.6 45792 3002.2 75161 35385 5545 40800 4800 215292 215.292 61.1 
10 1987.7 1824.3 513.5 45792 4135.6 75161 35385 4434.5 40800 4800 215261 215.261 61.2 
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11 1987.7 1824.3 652.1 45792 5427.1 75161 35385 4385.8 40800 4800 216403 216.403 61.5 
12 1987.7 1824.3 772.9 45792 5150 75161 35385 3320.3 40800 4800 215.982 215.982 61.2 
13 1987.7 1934.5 876.6 45792 1065.2 75161 35385 3309 40800 4800 216413 216413 61.5 
14 2042.8 1987.7 946.7 45792 954.4 75161 35385 2214.3 40800 4800 215066 215066 61.1 
15 2098 2098 980.9 45792 845.5 75161 35385 2206.3 40800 4800 214719 214719 60.9 
16 2151 2208.1 954.4 45792 734.6 75161 35385 2203 40800 4800 214294 214294 60.8 
17 2206.1 2316.3 927.97 45792 734.6 75161 35385 2195.5 40800 4800 214004 214004 60.6 
18 2261.2 2371.4 842.3 45792 805.8 75161 35385 1114.3 40800 4800 211408 211408 60.0 
19 2261.2 2426.5 720.9 45792 1675.4 75161 35385 1110.5 40800 4800 210512 210512 59.9 
20 2369.5 2426.5 574.5 45792 2120.1 75161 35385 1106.3 40800 4800 210250 210250 59.8 
21 2369.5 2426.5 450 45792 3002.2 75161 35385 1103 40800 4800 209902 209902 59.8 
22 2369.5 2426.5 365.9 45792 4135.6 75161 35385 1099.3 40800 4800 209593 209593 59.7 
23 2316.3 2371.4 314.5 45792 5427.1 75161 35385 1099.3 40800 4800 209325 209325 59.6 
24 2316.3 2316.3 280.3 45792 5150 75161 35385 1095.5 40800 4800 209121 209121 59.5 
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Cooling Load Calculations on Month of June At Zone B 
 North 
wall 
South 
wall 
Roof Floor Glass Vent. Infilt. People Lighting Applian Total 
(W) 
Total 
(KW) 
In Ref 
Ton 
1 2534.8 2206.1 254.1 45792 1065.2 75161 35385 53135.8 40800 4800 261134 261.134 74.3 
2 2534.8 2153 236.7 45792 954.4 75161 35385 61997.8 40800 4800 269815 269.815 76.7 
3 2479.7 2098 219.5 45792 845.5 75161 35385 18619.8 40800 4800 226201 226.201 64.3 
4 2424.6 2042.7 202.1 45792 734.6 75161 35385 14316.5 40800 4800 221659 221.659 63.0 
5 2371.4 1987.7 193.4 45792 734.6 75161 35385 11090 40800 4800 218315 218.315 62.1 
6 2316.3 1932.6 185 45792 1409.2 75161 35385 8944 40800 4800 216725 216.725 61.6 
7 2261.2 1879.4 202.1 45792 2778.1 75161 35385 7871 40800 4800 216930 216.930 61.7 
8 2261.2 1769.2 271.2 45792 3359.6 75161 35385 6798 40800 4800 216397 216.397 61.5 
9 2261.2 1769.2 383.6 45792 4200.5 75161 35385 5545 40800 4800 216098 216.098 61.5 
10 2261.2 1769.2 513.5 45792 5071 75161 35385 4434.5 40800 4800 215987 215.987 61.4 
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11 2261.2 1769.2 652.1 45792 6049.5 75161 35385 4385.8 40800 4800 217056 217.056 61.7 
12 2261.2 772.9 45792 45792 6574.2 75161 35385 3320.3 40800 4800 216636 216.636 61.6 
13 2261.2 1879.4 876.6 45792 6818.6 75161 35385 3309 40800 4800 217083 217.083 61.7 
14 2316.3 1932.6 946.7 45792 6490.4 75161 35385 2214.3 40800 4800 215838 215.838 61.4 
15 2317.1 2042.7 980.9 45792 6083 75161 35385 2206.3 40800 4800 215622 215.622 61.3 
16 2424.6 2153 954.4 45792 5453.4 75161 35385 2203 40800 4800 215126 215.126 61.2 
17 2479.7 2261.2 928 45792 4911.7 75161 35385 2195.5 40800 4800 214714 214.714 61.1 
18 2534.8 3216.3 842.3 45792 3137.6 75161 35385 1114.3 40800 4800 211883 211.883 60.3 
19 2534.8 2371.9 720.9 45792 2055.2 75161 35385 1110.5 40800 4800 210731 210.731 59.9 
20 2589.9 2371.4 574.5 45792 1835.5 75161 35385 1106.3 40800 4800 210416 210.416 59.8 
21 2643 2371.4 450 45792 1615.7 75161 35385 1103 40800 4800 210121 210.121 59.8 
22 2643 2371.4 365.9 45792 1393.9 75161 35385 1099.3 40800 4800 209812 209.812 59.7 
23 2589.9 2316.3 314.5 45792 1285 75161 35385 1099.3 40800 4800 209543 209.543 59.6 
24 2589.9 2261.2 280.3 45792 1174.1 75161 35385 1095.5 40800 4800 209339 209.339 59.5 
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Cooling load calculation on Month of Apl/ Aug At Zone C 
 North 
wall 
South 
wall 
West 
wall 
Roof Floor Glass Vent. Infilt. People Lighting Applian Total 
(W) 
Total 
(KW) 
In 
Ref 
Ton 
1 395.7 476.4 18738 160.8 30032 2771.8 33257 33257 21248 24480 7421 185465 185.465 52.7 
2 395.7 466.3 17883 149.3 30032 2483.3 33257 33257 13689 24480 7421 176741 176.741 50.3 
3 385.9 456.1 17460 138.1 30032 2199.9 33257 33257 14768 24480 7421 177082 177.082 50.4 
4 375.8 446 16605 126.7 30032 1911.4 33257 33257 14408 24480 7421 175547 175.547 49.9 
5 365.6 436.2 16191 120.97 30032 1911.4 33257 33257 14175 24480 7421 174874 174.874 49.7 
6 355.5 426 15336 115.5 30032 1924.1 33257 33257 14220 24480 7421 174051 174.051 49.5 
7 345.7 415.9 14913 126.7 30032 2159.3 33257 33257 14243 24480 7421 173878 173.878 49.5 
8 345.7 405.8 14058 171.97 30032 2996.1 33257 33257 14265 24480 7421 173917 173.917 49.5 
9 345.7 396 13635 245.6 30032 3853.7 33257 33257 7088 24480 7421 167238 167.238 47.5 
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10 345.7 396 13212 330.7 30032 4675.9 33257 33257 5610 24480 7421 166244 166.244 47.3 
11 345.7 396 13212 421.5 30032 5707.9 33257 46484 4880 24480 7421 161507 161.507 45.9 
12 345.7 396 13212 500.6 30032 6500.2 33257 46484 3982.5 24480 7421 166611 166.611 47.4 
13 345.7 415.9 18738 568.5 30032 8284.6 33257 46484 3532.5 24480 7421 173559 173.559 49.4 
14 355.5 426 18738 614.4 30032 9909 33257 46484 2805 24480 7421 174522 174.522 49.6 
15 365.6 446 13635 636.9 30032 10916 33257 46484 2505 24480 7421 170179 170.179 48.4 
16 375.8 446.3 14490 618.1 30032 10314 33257 46484 2355 24480 7421 170273 170.273 48.4 
17 385.9 486.5 15336 602.2 30032 8434.5 33257 46484 2055 24480 7421 168974 168.974 48.0 
18 395.7 496.5 16605 546.1 30032 6048.9 33257 46484 1627.5 24480 7421 149195 149.195 42.5 
19 395.7 506.4 17883 466.5 30032 5347.8 33257 46484 1477.5 24480 7421 167751 167.751 47.7 
20 405.8 506.4 19161 370.7 30032 4775.9 33257 46484 1327.5 24480 7421 168221 168.221 47.8 
21 415.9 506.4 20016 289.1 30032 4204 33257 46484 1152.5 24480 7421 164054 164.054 46.7 
22 415.9 506.4 20016 234 30032 3627 33257 46484 1027.5 24480 7421 167051 167.051 47.5 
23 405.8 496.3 20016 200.3 30032 3343.6 33257 46484 1027.5 24480 7421 167164 167.164 47.5 
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24 405.8 486.5 19161 177.9 30032 3055.1 33257 46484 877.5 24480 7421 165838 165.838 47.2 
Cooling load Calculations on Month of May/July At Zone C     
 North 
wall 
South 
wall 
West 
wall 
Roof Floor Glass Vent. Infilt. People Lighting Applian Total 
(W) 
Total 
(KW) 
In 
Ref 
Ton 
1 415.9 415.9 18738 166.5 30032 2771.8 33257 46484 21248 24480 7421 185430 185.430 52.7 
2 415.9 406.2 17883 155.0 30032 2483.3 33257 46484 13689 24480 7421 176706 176.706 50.3 
3 405.8 396 17460 143.8 30032 2199.9 33257 46484 14768 24480 7421 177047 177.047 50.4 
4 395.7 385.9 16605 132.4 30032 1911.4 33257 46484 14408 24480 7421 175512 175.512 49.9 
5 385.9 375.8 16191 126.7 30032 1911.4 33257 46484 14175 24480 7421 174840 174.840 49.7 
6 375.8 365.6 15336 121.2 30032 1949.6 33257 46484 14220 24480 7421 174042 174.042 49.5 
7 365.6 355.8 14913 132.4 30032 2216.5 33257 46484 14243 24480 7421 173890 173.890 49.5 
8 365.6 345.7 14058 177.7 30032 3042.7 33257 46484 14265 24480 7421 173929 173.929 49.5 
9 365.6 355.6 13635 251.3 30032 3881.5 33257 46484 7088 24480 7421 167231 167.231 47.6 
10 365.6 355.6 13212 336.4 30032 4739.5 33257 46484 5610 24480 7421 166273 166.273 47.3 
 69
11 365.6 355.6 13212 427.2 30032 5775.7 33257 46484 4880 24480 7421 166650 166.650 47.4 
12 365.6 355.6 13212 506.3 30032 3572.2 33257 46484 3982.5 24480 7421 163648 163.648 46.5 
13 365.6 345.7 18738 574.3 30032 8415.7 33257 46484 3532.5 24480 7421 166086 166.086 47.2 
14 375.8 355.5 18738 620.2 30032 10133.6 33257 46484 2805 24480 7421 174712 174.712 49.7 
15 385.9 376 13635 642.6 30032 11068.5 33257 46484 2505 24480 7421 170297 170.297 48.4 
16 395.7 396 14490 625.3 30032 10661.5 33257 46484 2355 24480 7421 170608 170.608 48.5 
17 405.8 415.9 15336 607.9 30032 8949.1 33257 46484 2055 24480 7421 169454 169.454 48.2 
18 415.9 426 16605 551.8 30032 6307.6 33257 46484 1627.5 24480 7421 167618 167.618 47.7 
19 415.9 436.2 17883 472.3 30032 5348 33257 46484 1477.5 24480 7421 167717 167.717 47.7 
20 426.1 436.2 19161 376.4 30032 4776 33257 46484 1327.5 24480 7421 168187 168.187 47.8 
21 435.8 436.2 20016 294.8 30032 4204 33257 46484 1152.5 24480 7421 168223 168.223 47.8 
22 435.8 436.2 20016 239.7 30032 3627 33257 46484 1027.5 24480 7421 167466 167.466 47.6 
23 426.1 426 20016 206.0 30032 3344 33257 46484 1027.5 24480 7421 167129 167.129 47.5 
24 426.1 415.9 19161 183.6 30032 3055.1 33257 46484 877.5 24480 7421 165803 165.803 47.2 
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Cooling load calculations on Month of June At Zone C 
 North 
 wall  
South 
wall 
West 
wall 
Roof Floor Glass Vent. Infilt. People Lighting Applian Total 
(W) 
Total 
(KW) 
In 
Ref 
Ton 
1 466.3 405.8 18738 166.5 30032 2771.8 33257 33257 21248 24480 7421 185470 185.470 52.7 
2 466.3 396 17883 155.0 30032 2483.3 33257 33257 13689 24480 7421 176747 176.747 50.3 
3 456.1 386 17460 143.8 30032 2199.9 33257 33257 14768 24480 7421 177087 177.187 50.4 
4 446 376 16605 132.4 30032 1911.4 33257 33257 14408 24480 7421 175552 175.552 49.9 
5 436.2 365.6 16191 126.7 30032 1911.4 33257 33257 14175 24480 7421 174880 174.880 49.7 
6 426 355.5 15336 121.2 30032 1926.3 33257 33257 14220 24480 7421 174095 174.095 49.5 
7 416 345.7 14913 132.4 30032 2216.5 33257 33257 14243 24480 7421 173940 173.940 49.5 
8 416 325.4 14058 177.7 30032 3066 33257 33257 14265 24480 7421 173982 173.982 49.5 
9 416 325.4 13635 251.3 30032 3909 33257 33257 7088 24480 7421 167298 167.298 47.6 
10 416 325.4 13212 336.4 30032 4771.2 33257 33257 5610 24480 7421 166345 166.345 47.3 
11 416 325.4 13212 427.2 30032 5809.4 33257 33257 4880 24480 7421 166724 166.724 47.4 
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12 416 325.4 13212 506.3 30032 2036.4 33257 33257 3982.5 24480 7421 162152 162.152 46.1 
13 416 345.7 18738 574.3 30032 8481.5 33257 33257 3532.5 24480 7421 173762 173.762 49.4 
14 426 355.5 18738 620.2 30032 10246 33257 33257 2805 24480 7421 174865 174.865 49.7 
15 436.2 376 13635 642.6 30032 11221 33257 33257 2505 24480 7421 170490 170.490 48.5 
16 446 396 14490 625.3 30032 10836 33257 33257 2355 24480 7421 170822 170.822 48.6 
17 456.1 415.9 15336 607.9 30032 8949 33257 33257 2055 24480 7421 169494 169.494 48.2 
18 466.3 426 16605 551.8 30032 6437 33257 33257 1627.5 24480 7421 167788 167.788 47.7 
19 466.3 436.2 17883 472.3 30032 5348 33257 33257 1477.5 24480 7421 167757 167.757 47.7 
20 476.4 436.2 19161 376.4 30032 4776 33257 33257 1327.5 24480 7421 168228 168.228 47.8 
21 486.2 436.2 20016 294.8 30032 4204 33257 33257 1152.5 24480 7421 168264 168.264 47.9 
22 486.2 436.2 20016 239.7 30032 3627 33257 33257 1027.5 24480 7421 167507 167.507 47.6 
23 476.4 426 20016 206.0 30032 3344 33257 33257 1027.5 24480 7421 167170 167.170 47.5 
24 476.4 415.9 19161 183.6 30032 3055.1 33257 33257 877.5 24480 7421 162788 162.788 46.3 
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3.16 Calculations of Air Quantities Required for Air Conditioning 
a. Fresh Air Specifications : 
Supply air is that air which is brought from out door and mixed with the 
return air which comes back from the conditioned space, this is d one in 
the mixing  room. 
b. Volumetric Flow of Fresh Air :- 
The volumetric flow of Fresh air is the quantity of out door flow of air, 
and it is given by the following equation 
 
                                        --------------------- (3.17)[6]                        
Where :- 
n  ≡ no of occupants in the space 
Q ≡ Quantity of fresh air needed by one person, which is equal 10m3/s  
 
                                                   --------------------- (3.18)[6] 
c. Mass Flow :- 
It is the quantity of mass of air flowing into the conditioned space in kg/s 
                                      -------------------------- (3.19)[6] 
Where, 
Mout = quantity of mass of air flowing into (kg/s). 
Vout = Volumetric flow (m3/s). 
vout = Specific volume of the outdoor air (m3/kg). 
From the psychrometric chart vout found = 0.914 m3/kg. 
 
( )sQn mV out /3600* 3=
( )sx mV out /58.1360010568 3=
vout
VM outsout =
 74
d. Sensible Cooling Load for Outdoor 
This can be found from the following equation :- 
OASH = Mout * Cp (To – Tr)   -------------------------------- (3.20)[6] 
Where , 
OASH ≡ Sensible cooling load of outdoor air 
Mout     ≡ mass flow of outdoor air 
Cp       ≡ specific heat of air at constant pressure and it is equal to 
           1.005 kJ/kg. 
To ≡ outdoor temperature. 
Tr ≡ Room temperature or indoor design temperature. 
e. Overall Latent Cooling Load of Outdoor Air 
OALH = Mout * (ho – h1)         ---------------------------------- (3.21)[6] 
Where, 
OALH ≡ Overall latent Heat. 
&   ho ≡  enthalpy of outdoor air (kj/kg). 
 h1 ≡ enthalpy of point (1) in the psychrometric chart 
* Note that: 
Point (1) in the psychrometric chart is located when outdoor and  
indoor design condition points where located then a vertical line 
from the outdoor point and horizontal line of the indoor point line 
intersect then point (1) is located and the intersection of the two 
lines. 
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Then from the psychrometric chart 
ho = 74.5 kJ/kg 
h1= 71.5 kJ/kg 
∴ OATH = OASH + OALH     ------------------------------- (3.22)[6] 
Where OATH ≡ Overall total heat. 
f. Effective Sensible Cooling Load 
ERSH = RSH + (BF * OASH)    ------------------------------ (3.23)[6] 
Where : 
ERSH  ≡ Effective sensible Heat. 
RSH    ≡ Cooling load of the zone in (kw). 
Bt        ≡ Phase factor of the A/C. 
OASH ≡ Overall sensible heat (kw). 
g. Mass Flow Rate of Supply Air 
Ms = ERSH /[Cp * (Tr – Tadp) * (1- BF)]   --------------------- (3.24)[6] 
Where Ms ≡ Mass flow rate of supply air 
Tadp ≡ Dew-point temperature which is equal to (11.9) from psychramtric  
The quantities of air required for air conditioning are shown in Table 
(A59) Appendix A. 
10% of the supply air quantity is only needed 
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Chapter Four 
Selection and Arrangement of the  
Air Conditioning System 
Khartoum Airport is the national Airport and its Arrival Hall is the first 
impression a visitor to our country may have, on that point of view, air 
conditioning system, beside many other services in the Airport, are one of 
the most important criteria and sophisticated configurations, upon which 
well performance of the Airport depends. 
Variable refrigerant flow system (VRF) technology has been developed 
recently in the last 20 years. This product is often referred to as a 
multisplit, includes multiple indoor evaporators connected to a single 
condensing unit. 
This product differs from other systems in that the air is transferred to or 
from the space directly by circulating air to evaporators which are located 
near or within the conditioned space. 
The term variable refrigerant flow refers to the ability of the system to 
control the amount of refrigerant flowing to each of the evaporators, 
enabling the use of many evaporators of different capacities in different 
zones and different configuration and this provide free control on room 
temperature for the occupants i.e. individualized comfort control. 
4.1 Variable Refrigerant flow Benefits of Installation :- 
a. VRF systems are light weight and modular. Each module can be 
transported easily. Multiples of these modules can be used to 
achieve cooling capacity of hundreds of tons. 
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b. Each module is an independent refrigerant loop but they are 
controlled by a common control system, so each zone in the Hall 
can by independent of the other zones 
c. The relatively light weight of the system also may reduce 
requirement for structural reinforcement of roofs. 
d. Because ductwork is required only for ventilation system, it can 
be smaller than the ducting in standard ducted system, reducing 
building height and cost. 
e. It is most suitable for retrofitting historical buildings without 
disturbing the structure or for older buildings with no air 
conditioning. 
f. The condensing units are normally placed outdoors, no need exists 
for a machine room. So, in the Hall the condensing units can be 
placed outdoors. 
4.2 Design Flexibility: 
a. A single condensing unit can be connected to many indoor units of 
varying capacities and configurations. 
b. Current products enables up to 32 indoor units in 8 totally 
independent Zones. 
c. Modularity allows adapting the system expansion or 
reconfiguration of the space which may require additional 
capacities or different terminal units. 
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4.3 Maintenance and Commissioning: 
a. VRF systems because they are Direct Expansion (DX ) systems, 
so maintenance costs for them should be lower than for water-
cooled chillers, so water treatment issues are avoided. 
b. DX system is easily maintenaied as maintenance consists mainly 
of changing filters and cleaning coils. 
c. VRF systems are with standardized electronic control system so, 
they are easily commissioned. 
4.4 Comfort: 
a. Allow the presences of many zones each with individual set point. 
b. VRF system use variable speed compressors with wide capacity 
modulation capabilities as a results they can maintain precise 
temperature control. 
4.5 Energy Efficiency: 
a. The VRF system essentially eliminates duct losses. 
b. VRF systems include two to three compressors, one of which is 
variable speed, in each condensing  unit; enabling wide capacity 
modulation this yields high part load efficiency. 
4.6 Applications: 
a. VRF systems are generally best suited to buildings with diverse, 
multiple zones requiring individual control office buildings, 
hospitals or hotels. 
 
 
 79
4.7  Cost : 
VRF are 5% to 20% higher total installed cost compared to chilled water 
system, but lower running costs. 
4.8 Selection of Air Conditioning System: 
4.8.1 Selection of Indoor and Outdoor Units: 
Units were selected according to the cooling load of each zone.  The 
manufacturer was selected to be LG Electronics Company, for the 
following reasons: 
a. They have member dealer in Sudan  
b. They have after sales services. 
c. Civil Aviation is familiar to them as they have several jobs carried in 
Khartoum Airport which made good reputation of them. 
Indoor units were selected for zone A as shown in figure (B 1)     
Appendix B. 
a. Model Selection Zone A :  
a.1.1  Indoors Units System 1.As shown in figure (4.1) attached: 
Table (4.1) 
Cooling 
Total 
Model Name Type name R.TC/C 
11.5 ARNU48GTM*2 CASSETTE_4WAY 14.1/12.7 
11.5 ARNU48GTM*2 CASSETTE_4WAY 14.1/12.5 
11.5 ARNU48GTM*2 CASSETTE_4WAY 14.1/12.3 
11.5 ARNU48GTM*2 CASSETTE_4WAY 14.1/12.1 
11.5 ARNU48GTM*2 CASSETTE_4WAY 14.1/11.7 
11.5 ARNU48GTM*2 CASSETTE_4WAY 14.1/11.7 
11.5 ARNU48GTM*2 CASSETTE_4WAY 14.1/11.8 
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a.1.2  Outdoor Unit Selection System 1 Zone A 
Table (4.2) 
Model Name 
Max indoor 
unit 
Connectivity 
Max total 
over 
load(kW/%)
Indoors/ 
Outdoor 
Ratio 
Add. Ref. 
Amount(kg)
ARUN360LH2 34 101.3(100%) 0.98:1 13.67 
Rated Capa/Corrected Capa(kW) 
Rated Power Input/Corrected 
Power Input(kW) 
Cooling  Cooling  
101.0/84.7  27.4/33.1  
a.1.3 Pipes selected System 1 Zone A 
Table (4.3) 
Index Dia(Liq:Gas,mm) Length(m) 
P14 19.05 : 41.3 9 
P1 9.52 : 15.88 37 
P13 19.05 : 34.9 8 
P7 15.88 : 28.58 16 
P6 12.7 : 28.58 8 
P3 9.52 : 22.2 3 
a.1.4 Branch/Header/Common pipe selected System 1 Zone A 
Table (4.4) 
Model Name Quantity
ARBLN14520 1 
ARBLN07120 3 
ARBLN03320 2 
ARCNN20 1 
ARCNN30 1 
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Figure(4.1) System 1 Zone A  
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a.2  System 2 Zone A. As shown in figure (4.2) attached. 
a.2.1 Table (4.5) Indoor Units selected System 2 Zone A 
Model Name Type 
Rated 
TC/corrected 
TC 
Cooling 
Sensible 
ARNU48GTM*2 CASSETTE_4WAY 14.1/12.5 9.9/9.7 
ARNU48GTM*2 CASSETTE_4WAY 14.1/12.3 9.9/9.4 
ARNU48GTM*2 CASSETTE_4WAY 14.1/12.1 9.9/9.3 
a.2.2 Table (4.6) Outdoor  selected System 2  Zone: 
Model Name 
Max indoor 
unit 
Connectivity
Max total 
over 
load(kW/%)
Indoors/ 
Outdoor Ratio 
Add. Ref. 
Amount(kg)
ARUN160LH2 20 45.1(100%) 0.94:1 1.36 
Rated Capa/Corrected Capa(kW) Rated Power Input/Corrected Power Input(kW) 
Cooling  Cooling  
44.8/36.9  12.0/13.7  
 
a.2.3  Table (4.7) Pipes selected System 2 Zone A 
Index Dia(Liq:Gas,mm) Length(m) 
P6 12.7 : 28.58 15 
P1 9.52 : 15.88 16 
P3 9.52 : 22.2 10 
 
a.2.4  Table (4.8)  Branch/Header/Common pipe selected System 2 
Zone A 
Model Name Quantity
ARBLN03320 2 
ARCNN20 1 
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Figure (4.2) System 2 Zone A 
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a.3  System 3 zone A. As shown in figure (4.3)attached 
a.3.1 Table (4.9) Indoors Units 
Cooling 
Total 
Model Name Model Type R.TC/C 
Cooling 
Sensible 
Capacity 
ratio % 
11.5 ARNU48GTM*2 CASSETT -4WAY 14.1/12.7 9.9/9.8 110.8 
11.5 ARNU48GTM*2 CASSETTE_4WAY 14.1/12.5 9.9/9.6 108.5 
11.5 ARNU48GTM*2 CASSETTE_4WAY 14.1/12.3 9.9/9.5 106.8 
11.5 ARNU48GTM*2 CASSETTE_4WAY 14.1/12.1 9.9/9.3 105 
11.5 ARNU48GTM*2 CASSETTE_4WAY 14.1/11.7 9.9/9.0 101.6 
11.5 ARNU48GTM*2 CASSETTE_4WAY 14.1/11.7 9.9/9.0 101.6 
11.5 ARNU48GTM*2 CASSETTE_4WAY 14.1/11.8 9.9/9.0 102.2 
 
a,3.2 Table (4.10)Outdoor Units System 3 zone A 
Model Name 
Max indoor 
unit 
Connectivity 
Max total 
over 
load(kW/%)
Indoors/ 
Outdoor 
Ratio 
Add. Ref. 
Amount(kg)
ARUN360LH2 34 101.3(100%) 0.98:1 13.67 
Rated Capa/Corrected Capa(kW) Rated Power Input/Corrected Power Input(kW) 
Cooling Heating Cooling Heating 
101.0/84.7 113.1/-1.$ 27.4/33.1 27.2/-1.$ 
 
a.3.3 Table (4.11)  Pipes selected System 3 Zone A 
Index Dia(Liq:Gas,mm) Length(m) 
P14 19.05 : 41.3 9 
P1 9.52 : 15.88 37 
P13 19.05 : 34.9 8 
P7 15.88 : 28.58 16 
P6 12.7 : 28.58 8 
P3 9.52 : 22.2 3 
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a.3.4 Table (4.12) Branch/Header/Common pipe selected System 3 
Zone A 
Model Name Quantity
ARBLN14520 1 
ARBLN07120 3 
ARBLN03320 2 
ARCNN20 1 
ARCNN30 1 
 
a.4 Initial cost  At Zone A: 
a.4.1 Table (4.13)  Indoor Units 
No Model Name Cost SP Quantity Total Cost SP 
1 ARNU48GTMC2 3700 17 62900 
 
a.4.2 Table (4.14)Outdoor Units 
No Model Name Cost SP Quantity Total Cost SP 
1 ARUN360LH2 90000 2 180000 
2 ARUN160LH2 40000 1 40000 
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Figure (4.3) System 3 Zone A 
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b. Model Selection For zone B. 
b.1.1 Indoor Units System 1 Zone B. As shown in figure (4.4) 
attached 
Table (4.15) 
Cooling 
Total 
Model Name Model Type 
Rated 
TC/Correct 
11.5 ARNU48GTM*2 CASSETTE_4WAY 14.1/12.7 
11.5 ARNU48GTM*2 CASSETTE_4WAY 14.1/12.5 
11.5 ARNU48GTM*2 CASSETTE_4WAY 14.1/12.3 
11.5 ARNU48GTM*2 CASSETTE_4WAY 14.1/12.1 
11.5 ARNU48GTM*2 CASSETTE_4WAY 14.1/11.7 
11.5 ARNU48GTM*2 CASSETTE_4WAY 14.1/11.7 
11.5 ARNU48GTM*2 CASSETTE_4WAY 14.1/11.8 
 
b.1.2 Table (4.16) Outdoor Units System 1 zone B 
Model Name 
Max indoor unit 
Connectivity 
Max total over 
load(kW/%) 
Indoors/ 
Outdoor Ratio 
Add. Ref. 
Amount(kg)
ARUN360LH2 34 101.3(100%) 0.98:1 13.67 
Rated Capa/Corrected Capa(kW)
Rated Power Input/Corrected Power 
Input(kW) 
Cooling  Cooling  
101.0/84.7  27.4/33.1  
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b.1.3  Table (4.17)  Pipes selected System 1 Zone B 
Index Dia(Liq:Gas,mm) Length(m) 
P14 19.05 : 41.3 9 
P1 9.52 : 15.88 37 
P13 19.05 : 34.9 8 
P7 15.88 : 28.58 16 
P6 12.7 : 28.58 8 
P3 9.52 : 22.2 3 
 
b.1.3 Table (4.18) Branch/Header/Common pipe selected System 1 
Zone B: 
Model Name Quantity
ARBLN14520 1 
ARBLN07120 3 
ARBLN03320 2 
ARCNN20 1 
ARCNN30 1 
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Figure(4.4) System 1 Zone B 
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b.2  System 2 zone B as shown in figure (4.5) attached 
b.2.1 Table (4.19)  Indoor Units selected System 2 Zone B 
Model Name Type 
Rated 
Tc/Correct 
ARNU48GTM*2 CASSETTE_4WAY 14.1/12.7 
ARNU48GTM*2 CASSETTE_4WAY 14.1/12.4 
ARNU48GTM*2 CASSETTE_4WAY 14.1/12.2 
ARNU48GTM*2 CASSETTE_4WAY 14.1/12.0 
ARNU48GTM*2 CASSETTE_4WAY 14.1/11.9 
 
b.2.2 Table (4.20)  Outdoor Units selected System 2 Zone B: 
Model Name 
Max indoor 
unit 
Connectivity
Max total 
over 
load(kW/%)
Indoors/ 
Outdoor Ratio 
Add. Ref. 
Amount(kg)
ARUN260LH2 32 73.3(100%) 0.96:1 4.43 
Rated Capa/Corrected Capa(kW) Rated Power Input/Corrected Power Input(kW) 
Cooling  Cooling  
72.7/61.2  19.5/23.2  
 
b.2.3  Table (4.21)Pipes selected System 2 Zone B: 
Index Dia(Liq:Gas,mm) Length(m) 
P13 19.05 : 34.9 9 
P1 9.52 : 15.88 20 
P7 15.88 : 28.58 8 
P6 12.7 : 28.58 8 
P3 9.52 : 22.2 8 
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b.2.4 Table (4.22) Branch/Header/Common pipe selected System 2 
Zone B: 
Model Name Quantity
ARBLN07120 2 
ARBLN03320 2 
ARCNN20 1 
ARCNN30 1 
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Figure (4.5) System 2 Zone B 
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b.3 System 3 zone B as shown in figure (4.6) attached: 
b.3.1 Table (4.23) Indoors Units selected System 3 Zone B 
Cooling 
Total 
Model Name Model Type 
Rated 
TC/correct
11.5 ARNU48GTM*2 CASSETTE_4WAY 14.1/12.7 
11.5 ARNU48GTM*2 CASSETTE_4WAY 14.1/12.5 
11.5 ARNU48GTM*2 CASSETTE_4WAY 14.1/12.3 
11.5 ARNU48GTM*2 CASSETTE_4WAY 14.1/12.1 
11.5 ARNU48GTM*2 CASSETTE_4WAY 14.1/11.7 
11.5 ARNU48GTM*2 CASSETTE_4WAY 14.1/11.7 
11.5 ARNU48GTM*2 CASSETTE_4WAY 14.1/11.8 
 
b.3.2 Table (4.24) Outdoor Units System 3 zone B 
Model Name 
Max indoor 
unit 
Connectivity
Max total 
over 
load(kW/%) 
Indoors/ 
Outdoor 
Ratio 
Add. Ref. 
Amount(kg)
ARUN360LH2 34 101.3(100%) 0.98:1 13.67 
Rated Capa/Corrected Capa(kW) Rated Power Input/Corrected Power Input(kW) 
Cooling  Cooling  
101.0/84.7  27.4/33.1  
 
b.3.3 Table (4.25) Pipes selected System 3 Zone B: 
Index Dia(Liq:Gas,mm) Length(m) 
P14 19.05 : 41.3 9 
P1 9.52 : 15.88 37 
P13 19.05 : 34.9 8 
P7 15.88 : 28.58 16 
P6 12.7 : 28.58 8 
P3 9.52 : 22.2 3 
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b.3.4 Table (4.26) Branch/Header/Common pipe selected System 3 
Zone B: 
Model Name Quantity
ARBLN14520 1 
ARBLN07120 3 
ARBLN03320 2 
ARCNN20 1 
ARCNN30 1 
b.4 Initial Cost  At Zone B: 
b.4.1 Table (4.27)  Indoor Units 
No Model Name Cost SP Quantity Total Cost SP 
1 ARNU48GTMC2 3700 19 70300 
 
b.4.2 Table (4.28)  Outdoor Units selected System 3 Zone B: 
No Model Name Cost SP Quantity Total Cost SP 
1 ARUN360LH2 90000 2 180000 
2 ARUN260LH2 65000 1 65000 
 
 
 
 
 
 
 
 
 
 95
 
Figure (4.6) System 3 Zone B. 
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c. Model Selection zone C  
c.1  Table (4.29) Indoor Units System 1 as shown in figure (4.7) 
attached 
Model Name Type 
Cooling 
Total 
ARNU48GTM*2 CASSETTE_4WAY 14.1/12.7
ARNU48GTM*2 CASSETTE_4WAY 14.1/12.4
ARNU48GTM*2 CASSETTE_4WAY 14.1/12.2
ARNU48GTM*2 CASSETTE_4WAY 14.1/12.0
ARNU48GTM*2 CASSETTE_4WAY 14.1/11.9
 
c.1.2 Table (4.30)Outdoor selected System 1 Zone C 
Model Name 
Max indoor 
unit 
Connectivity
Max total 
over 
load(kW/%)
Indoors/ 
Outdoor 
Ratio 
Add. Ref. 
Amount(kg) 
ARUN260LH2 32 73.3(100%) 0.96:1 4.43 
Rated Capa/Corrected Capa(kW) 
Rated Power Input/Corrected 
Power Input(kW) 
Cooling  Cooling  
72.7/61.2  19.5/23.2  
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c.1.3 Table (4.31) Pipes selected System 1 Zone C 
Index Dia(Liq:Gas,mm) Length(m) 
P13 19.05 : 34.9 9 
P1 9.52 : 15.88 20 
P7 15.88 : 28.58 8 
P6 12.7 : 28.58 8 
P3 9.52 : 22.2 8 
 
c.1.4. Table (4.32) Branch/Header/Common pipe selected System 1 
Zone C 
Model Name Quantity
ARBLN07120 2 
ARBLN03320 2 
ARCNN20 1 
ARCNN30 1 
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Figure (4.7) System 1 Zone C 
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c.2 System 2 zone C as shown in figure (4.8) attached 
c.2.1 Table (4.33) Indoor Units selected System 2 Zone C 
Model Name Type 
Cooling 
Total 
ARNU48GTM*2 CASSETTE_4WAY 14.1/12.5
ARNU48GTM*2 CASSETTE_4WAY 14.1/12.3
ARNU48GTM*2 CASSETTE_4WAY 14.1/12.1
 
c.2.2 Table (4.34)Outdoor Units selected System 2 Zone C 
Model Name 
Max indoor 
unit 
Connectivity
Max total 
over 
load(kW/%) 
Indoors/ 
Outdoor 
Ratio 
Add. Ref. 
Amount(kg) 
ARUN160LH2 20 45.1(100%) 0.94:1 1.36 
Rated Capa/Corrected Capa(kW) Rated Power Input/Corrected Power Input(kW) 
Cooling  Cooling  
44.8/36.9  12.0/13.7  
 
c.2.3 Table (4.35)Pipes selected System 2 Zone C 
Index Dia(Liq:Gas,mm) Length(m) 
P6 12.7 : 28.58 15 
P1 9.52 : 15.88 16 
P3 9.52 : 22.2 10 
 
c.2.4 Table (4.36) Branch/Header/Common pipe selected System 2 
Zone C 
Model Name Quantity
ARBLN03320 2 
ARCNN20 1 
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Figure (4.8) System 2 Zone C 
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c.3 System 3 zone C: As shown in figure (4.9) attached: 
c.3.1 Table (4.37) Indoor Units selected System 3 Zone C 
Model Name Type Cooling Total
ARNU24GVJA2 CONVERTIBLE 7.1/6.3 
ARNU24GVJA2 CONVERTIBLE 7.1/6.3 
ARNU24GVJA2 CONVERTIBLE 7.1/6.3 
ARNU24GVJA2 CONVERTIBLE 7.1/6.2 
ARNU24GVJA2 CONVERTIBLE 7.1/6.1 
ARNU24GVJA2 CONVERTIBLE 7.1/6.1 
ARNU24GVJA2 CONVERTIBLE 7.1/6.0 
ARNU24GVJA2 CONVERTIBLE 7.1/6.0 
ARNU24GVJA2 CONVERTIBLE 7.1/5.9 
ARNU24GVJA2 CONVERTIBLE 7.1/5.9 
ARNU24GVJA2 CONVERTIBLE 7.1/5.9 
 
c.3.2 Table (4.38)Outdoor Units selected System 3 Zone C: 
Model Name 
Max indoor 
unit 
Connectivity
Max total over 
load(kW/%) 
Indoors/ 
Outdoor Ratio 
Add. Ref. 
Amount(kg)
ARUN280LH2 32 78.9(100%) 0.99:1 7.66 
Rated Capa/Corrected Capa(kW) 
Rated Power Input/Corrected 
Power Input(kW) 
Cooling  Cooling  
78.5/67.0  21.1/25.8  
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c.3.3 Table (4.39) Pipes selected System 3 Zone C 
Index Dia(Liq:Gas,mm) Length(m) 
P13 19.05 : 34.9 10 
P1 9.52 : 15.88 38 
P7 15.88 : 28.58 13 
P6 12.7 : 28.58 8 
P3 9.52 : 22.2 4 
P2 9.52 : 19.05 4 
c.3.4 Table (4.40) Branch/Header/Common pipe 
Model Name Quantity
ARBLN07120 6 
ARBLN03320 2 
ARBLN01620 2 
ARCNN20 1 
ARCNN30 1 
.4 Initial Cost At Zone C: 
c.4.1 Table (4.41) Indoor Units 
No Model Name Cost SP Quantity Total Cost SP 
1 ARNU48GTMC2 3700 16 59200 
2 ARNU24GCFA2 2500 11 27500 
c.4.2 Table (4.42)Outdoor Units 
No Model Name Cost SP Quantity Total Cost SP 
1 ARUN160LH2 40000 2 160000 
2 ARUN260LH2 65000 1 65000 
3 ARUN280LH2 70000 1 70000 
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Figure (4.9) System 3 Zone C 
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                                              Chapter Five 
Ventilation  
The sick building syndrome received public attention from 1970s after 
the energy crisis as a result of a fighter building and a reduced amount of 
out door ventilation. The need of a comfortable and healthy indoor 
environment and an acceptable indoor air quality is a vital priority now a 
days. 
In an unhealthy building environment, uncomfortable employees do not 
perform well and productivity declines. Workers illness due to poor 
indoor environment elevates absenteeism. 
A significant issue that is facing building owners, operating manager, 
architects, consulting engineers, and contractors today is the reasons of 
many complains by the occupants or owners who feel that their health has 
been damaged by poor indoor air quality. 
In 1900s, indoor air quality has become one of the primary concerns in air 
conditioning system design, manufacturing, installation and operation 
because of the following :- 
a. Indoor air quality is closely related to the heath of the occupants 
inside a building, whether a building is a healthy building or a 
sick building. 
b. Indoor Air quality and thermal control (zone  temperature and 
relative humidity control) indicate primarily the quality of the 
indoor environment in a building. 
c. Indoor air quality and thermal control represent mainly the 
functional performance of an air conditioning system. 
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Regarding the above mentioned points, air conditioning system without 
considering the entry of fresh air, to the environment, this would be 
inefficient and ventilation is considered to be one of the basic strategies 
of improving indoor air quality. 
Designers, should be  concerned  about the healthy indoor environment 
by introducing an integral component as a ventilator as a part of the air a 
conditioning system’s circuit. 
Using the ventilator allows fresh air to be entered into the space and also 
allows the contaminants to be removed quickly and effectively from the 
air-conditioned spaced.  
Heat recovery ventilation system modulates the temperature and humidity 
of incoming fresh air to match indoor conditions. A balance is achieved 
between indoor and outdoor ambient temperature enabling the cooling 
load which would be by the introductory of the fresh air, to be reduced 
significantly. 
Figure (B1) Appendix B shows the distribution of the ventilators in the 
three Zones and  their arrangement.. 
The Model selected for ventilation for the three zones of the Arrival Hall 
is heat recovery ventilator (ecoV) LG type No. LZ-H2006BA1 with the 
specifications shown attached in Appendix B 
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Chapter Six 
Control System 
An air conditioning automatic control system or simply a control system 
primarily modulates the capacity of the air conditioning equipment to 
maintain predetermined parameters, provide an adequate amount of 
outdoor air, be energy-efficient and provide better security and safety, all 
the above at the lowest possible running costs. 
Control system devices can be hydraulic, electric or electronic but 
nowadays the most usable control devices are the Direct Digital Control 
(DDC) devices. 
There are three types of Digital Control devices :- 
6.1 Individual Control System 
This device controls only one indoor unit. It is of two types which are 
wired or wireless types and its benefits are the following :- 
a. It contains a thermostat by which the occupant can control the 
space temperature. 
b. It can be programmed using times, so as to locate ON/OFF time. 
c. Direct and continuous supervision for the circuit if there is any 
defect in the system for it contain self diagnose facility which 
gives an instant message, if there is any failure in the system. 
6.2 Central Control System:- 
It is a system which controls a group of indoor units in totally indoor 
independent zones, and can add all the selected controls and design a 
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system which meet the comfort requirements according to the building 
orientation. It is of three types :- 
6.2.1 Central Remote :- 
a. It controls or monitor up to 64 or 128 indoor units. 
b. Individual temperature setting for each zone. 
c. Can monitor the quantity and direction of air flow of each indoor 
unit separately. 
6.2.2 Unified (ON/OFF) 
a. It is possible to control, monitor and schedule on 16 indoor units 
instantly and separately. 
b. Can be used by two remote controllers in different places/zones. 
c. It can display Error on LCD (Normal/Emergency). 
d. It has the function of combination remote and centralized  
6.2.3 Schedule Timer :- 
a. The can be programmed and monitor up to 128 indoor units. 
b. On combination with central controller it can b programmed to a 
max of 8 weeks, and centrally monitoring by selecting ON/OFF 
time for everyday. 
c. It can be programmed to be combined into a central control or 
building monitoring system. 
6.2.4 Advanced Control System (AC Smart) :- 
This can be controlled and monitored by specialized Air 
Conditioning Network. It is possible to control the air conditioning 
system through web access, anywhere by using computer. 
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The whole system can supervise the air conditioning system and that 
would be by location of failures and maintenance through regular reports.  
In this project  Deluxe Central Controller  was selected PQCSW 502A2  
For the following reasons :- 
a. It can control  a maximum of 256 indoor units. 
b. It can be programmed using timers, so as to locate on and off 
time. 
c. It can monitor and control ventilation. 
d. It has the ability of group management i.e. It can be used for the  
3- zones, each zone separately. 
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Chapter Seven 
Conclusion and Recommendation 
10.1 Conclusion : 
a. Cooling load of what was calculated to meet the aimed objectives 
by calculating heat gain through walls, glass, floor, and roof 
which is known as external load. 
Besides, internal load such as heat gain from people, lighting, and 
appliances. 
All the above was calculated through 24- hour per day throughout 
the selected months which are April/ August, May/ July and June 
which are the summer months of the year. 
Total Cooling Load found for 
 Zone A was 195KW.  
 Zone B was 220KW and  
 Zone C was 175KW. 
b. VRF- Variable Refrigerant flow System was selected as the 
suitable Air Conditioning System for the Hall, it is a product that 
differs from other systems in that it is often referred to as a 
multisplit, includes multiple indoor evaporators connected to a 
single condensing unit 
c. VRF is different from other systems in that the air is transferred to 
or from the space directly by circulating the refrigerant to 
evaporators which are located within the conditioned space. 
d. The system has the ability to control the amount of refrigerant 
flowing in each evaporator of different capacities in different 
Zones. 
e.Indoor Units were selected and arranged with respect to the areas 
and total number of occupants and according to the load of each 
Zone. 
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f. Suitable pipes were also selected. This includes the suitable 
branch/header and common pipe. Besides Eco-V ventilator to 
provide fresh air to the Hall, and Deluxe control system. which 
has the ability to supervise the circuit as it contain self diagnose 
facility which gives an instant message if there is any fault in the 
system. 
According to the above points all the element of the objectives were 
fulfilled. 
 
10.2 Recommendation: 
a. It is recommended that this project should be displayed practically 
and the system which is based on accurate calculation according 
to the actual load, which is accordingly expected to be useful and 
of good benefit for the Hall. 
b. It is also recommended that every now and then re-calculation of 
the load should be done, so that to ensure the load of each Zone 
so that adjustment can take place where necessary. 
c. It is also recommended to design the same system for Khartoum 
AirPort Departure Hall. 
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Appendix A 
Table (A1) values of CLTD correction for latitude and month applied to 
walls and roofs, north latitude for latitude 15° on latitude 40°. 
 
Dir 
Mont 
N NE/NW E/W SE/SW S Hor. 
Jan/Nov -2.22 -4.44 -2.22 2.22 7.22 -5.00 
Feb/Oct. -2.22 -3.89 -2.22 2.22 6.67 -3.89 
Mar/Sept -1.67 -2.78 -1.11 1.11 3.89 -2.22 
Apr/Aug  -1.67 -1.11 -0.56 0.00 0.00 -0.56 
May/July  -0.56 -0.56 -0.56 -1.67 -3.33 0.00 
June  2.22 1.67 -0.56 -2.78 -3.89 0.00 
Dec  3.33 2.22 -0.56 -3.33 0.00 -3.89 
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Table (A2) showing CLTD values for all directions 
 
Direction
Hr. 
N S E W Roof 
1 8.33 11.11 12.78 16.11 1.11 
2 8.33 10.56 12.22 15.00 0.0 
3 7.78 10.00 11.67 14.44 -1.11 
4 7.22 9.44 10.56 13.33 -2.22 
5 6.67 8.89 10.00 12.78 -2.78 
6 6.11 8.33 9.44 11.67 -3.33 
7 5.56 7.78 8.89 11.11 -2.22 
8 5.56 7.22 8.33 10.00 2.22 
9 5.56 6.67 8.89 9.44 9.44 
10 5.56 6.67 10.00 8.89 17.78 
11 5.56 6.67 11.67 8.89 26.67 
12 5.56 6.67 12.78 8.89 34.44 
13 5.56 7.78 13.89 16.11 41.1 
14 6.11 8.33 14.44 16.11 45.6 
15 6.67 9.44 15.00 9.44 47.8 
16 7.22 10.56 15.00 10.56 46.1 
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17 7.78 11.67 15.56 11.67 44.4 
18 8.33 12.22 15.56 13.33 38.9 
19 8.33 12.78 15.56 15.00 31.1 
20 8.89 12.78 15.56 16.67 21.7 
21 9.44 12.78 15.00 17.78 13.9 
22 9.44 12.78 14.44 17.78 8.3 
23 8.89 12.22 13.89 17.22 5.0 
24 8.89 11.67 13.33 16.67 2.8 
 
 
 
 
The following table gives values of CLTDcorrect for all months. 
Table (A3) CLTDcorrect for month Jan/Nov. 
   Direction
Hr. 
N S E W Roof 
1 10.66 16.77 16.58 19.41 5.66 
2 10.66 16.49 16.10 18.46 5.10 
3 10.38 16.21 15.63 17.99 4.55 
4 10.10 15.93 14.69 17.04 3.99 
5 9.83 15.66 14.21 16.58 3.71 
6 9.55 15.38 13.74 15.63 3.44 
7 9.27 15.10 13.27 15.16 3.99 
8 9.27 14.82 12.79 14.21 6.21 
9 9.27 14.55 13.27 13.74 9.82 
10 9.27 14.55 14.21 13.27 13.99 
11 9.27 14.55 15.63 13.27 18.44 
12 9.27 14.55 16.58 13.22 22.32 
13 9.27 15.1 17.52 19.41 25.65 
14 9.55 15.38 17.99 19.41 27.90 
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15 9.83 15.93 18.46 13.74 29.00 
16 12.60 16.49 18.46 14.69 28.15 
17 10.38 17.05 18.94 15.63 27.30 
18 10.66 17.32 18.94 17.04 24.55 
19 10.66 17.60 18.94 18.48 15.95 
20 10.94 17.60 18.94 19.88 15.95 
21 11.21 17.60 18.46 20.83 12.05 
22 11.21 17.60 17.99 20.83 9.25 
23 10.94 17.32 17.52 20.35 7.6 
24 10.94 17.05 17.04 19.88 5.4 
 
 
 
Table (A4) CLTDcorrect for month Feb/Oct. 
   Direction
Hr. 
N S E W Roof 
1 10.66 16.49 16.58 19.41 6.21 
2 10.66 16.22 16.10 18.46 5.66 
3 10.38 15.94 15.63 17.99 5.10 
4 10.10 15.66 14.69 17.04 4.55 
5 9.83 15.38 14.21 16.58 4.27 
6 9.55 15.10 13.74 15.63 3.99 
7 9.27 14.83 13.27 15.16 4.55 
8 9.27 14.55 12.79 14.21 6.76 
9 9.27 14.27 13.27 13.74 10.38 
10 9.27 14.27 14.21 13.27 14.55 
11 9.27 14.27 15.63 13.27 18.99 
12 9.27 14.27 16.58 13.27 22.88 
13 9.27 14.83 17.52 19.41 26.21 
14 9.55 15.10 17.99 19.41 28.46 
15 9.83 15.66 18.46 13.74 29.56 
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16 12.60 16.22 18.46 14.69 28.71 
17 10.38 16.77 18.94 15.63 27.96 
18 10.66 17.05 18.94 17.04 25.11 
19 10.66 17.33 18.94 18.46 21.21 
20 10.94 17.33 18.94 19.88 16.51 
21 11.21 17.33 18.46 20.83 21.21 
22 11.21 17.33 17.99 20.83 16.51 
23 10.94 17.05 17.52 20.35 12.61 
24 10.94 16.77 17.04 19.88 9.81 
 
 
 
 
Table (A5) CLTDcorrect for month March/Sept. 
   Direction
Hr. 
N S E W Roof 
1 10.93 15.10 17.52 20.35 7.45 
2 10.93 14.83 17.04 19.41 6.49 
3 10.66 14.55 16.56 18.93 5.94 
4 10.38 14.27 15.73 17.99 5.38 
5 10.10 13.99 15.16 17.52 5.10 
6 9.82 13.71 14.68 16.58 4.83 
7 9.55 13.44 14.21 16.10 5.38 
8 9.55 13.16 13.74 15.16 7.60 
9 9.55 12.88 14.21 14.68 11.21 
10 9.55 12.88 15.16 14.21 15.38 
11 9.55 12.88 16.56 14.21 19.83 
12 9.55 12.88 17.52 14.21 23.71 
13 9.55 13.44 18.46 20.35 27.04 
14 9.82 13.71 18.93 20.35 29.29 
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15 10.10 14.27 19.41 14.68 30.39 
16 10.38 14.83 19.41 15.63 29.54 
17 10.66 15.38 19.88 16.58 28.69 
18 10.93 15.66 19.88 17.99 25.94 
19 10.93 15.94 19.88 19.41 22.04 
20 11.21 15.94 19.88 20.83 17.34 
21 11.49 15.94 19.41 21.77 13.34 
22 11.49 15.94 18.93 21.77 10.64 
23 11.21 15.66 18.46 21.29 8.99 
24 11.21 15.38 17.99 20.83 7.89 
 
 
 
Table (A6) CLTDcorrect for month April/Aug. 
   Direction
Hr. 
N S E W Roof 
1 10.93 13.16 17.99 20.82 7.88 
2 10.93 12.88 17.51 19.87 7.32 
3 10.66 12.60 17.04 19.40 6.77 
4 10.38 12.32 13.20 18.45 6.21 
5 10.10 12.05 15.62 17.99 5.93 
6 9.82 11.77 15.15 17.04 5.66 
7 9.55 11.49 14.68 16.57 6.21 
8 9.55 11.21 14.21 15.62 8.43 
9 9.55 10.94 14.68 15.15 12.04 
10 9.55 10.94 15.62 14.68 16.21 
11 9.55 10.94 15.62 14.68 20.66 
12 9.55 10.94 17.99 14.68 24.54 
13 9.55 11.49 18.93 20.82 27.87 
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14 9.82 11.77 19.40 20.82 30.12 
15 10.10 12.32 19.87 15.15 31.22 
16 10.38 12.88 19.87 13.20 30.37 
17 10.66 13.44 20.35 17.04 29.52 
18 10.93 13.71 20.35 18.45 26.77 
19 10.93 13.99 20.35 19.87 22.87 
20 11.21 13.99 20.35 21.29 18.17 
21 11.49 13.99 19.87 22.24 14.17 
22 11.49 13.99 19.40 22.24 11.47 
23 11.21 13.71 18.93 22.24 9.82 
24 11.21 13.44 18.45 21.29 8.72 
 
 
 
Table (A7) CLTDcorrect for month May/July 
Direction
Hr. 
N S E W Roof 
1 11.49 11.49 17.99 20.82 8.16 
2 11.49 11.22 17.51 19.87 7.60 
3 11.21 10.44 17.04 19.40 7.05 
4 ١٠٫٩٣ ١٠٫٦٦ ١٣٫٢٠ ١٨٫٤٥ ٦٫٤٩ 
٥ 10.66 10.38 15.62 17.99 6.21 
6 10.38 10.10 15.15 17.04 5.94 
7 10.10 9.83 14.68 16.57 6.49 
8 10.10 9.27 14.21 15.62 8.71 
9 10.10 9.27 14.68 15.15 12.32 
10 10.10 9.27 15.62 14.68 16.49 
11 10.10 9.27 17.04 14.68 20.94 
12 10.10 9.27 17.99 14.68 24.82 
13 10.10 9.83 18.93 20.82 28.15 
 120
14 10.38 10.10 19.40 20.82 30.40 
15 10.66 10.66 19.87 15.15 31.50 
16 10.93 11.22 19.87 13.20 30.65 
17 11.21 11.77 20.35 17.40 29.80 
18 11.49 12.05 20.35 18.45 27.05 
19 11.49 12.33 20.35 19.87 23.15 
20 11.77 12.33 20.35 21.29 18.45 
21 12.04 12.33 19.87 22.24 14.45 
22 12.04 12.33 19.40 22.24 11.75 
23 11.77 12.05 18.93 22.24 10.10 
24 11.77 11.77 18.45 21.29 9.00 
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Table(A8)CLTDcorrect for month of June 
   Direction
Hr. 
N S E W Roof 
1 12.88 11.21 17.99 20.82 8.16 
2 12.88 10.94 17.51 19.87 7.60 
3 12.60 10.66 17.04 19.40 7.05 
4 12.32 10.38 13.20 18.45 6.49 
5 12.05 10.10 15.62 17.99 6.21 
6 11.77 9.82 15.15 17.04 5.94 
7 11.49 9.55 14.68 16.57 6.49 
8 11.49 9.27 14.21 15.62 8.71 
9 11.49 8.99 14.68 15.15 12.32 
10 11.49 8.99 15.62 14.68 20.94 
11 11.49 8.99 17.04 14.68 20.94 
12 11.49 8.99 17.99 14.68 24.82 
13 11.49 9.55 18.93 20.82 28.15 
14 11.77 9.82 19.40 20.82 30.40 
15 12.05 10.38 19.87 15.15 31.50 
16 12.32 10.94 19.87 13.20 30.65 
17 12.60 11.49 20.35 17.40 29.80 
18 12.88 12.05 20.35 18.45 27.05 
19 12.88 12.05 20.35 19.87 18.45 
20 13.16 12.05 20.35 21.29 18.45 
21 13.43 12.05 19.87 22.24 14.45 
22 13.43 12.05 19.40 22.24 11.75 
23 13.16 11.77 18.93 22.24 10.10 
24 13.16 11.49 18.45 21.29 9.00 
 
 
 
 
 122
Table (A9) CLTDcorrect for month of December 
   Direction
Hr. 
N S E W Roof 
1 13.43 13.16 17.99 20.87 6.21 
2 13.43 12.88 17.51 19.87 11.87 
3 13.16 12.60 17.04 19.40 5.10 
4 12.88 12.32 13.20 18.45 4.55 
5 12.60 12.05 15.62 17.99 2.88 
6 12.32 11.77 15.15 17.04 3.99 
7 12.05 11.49 14.68 16.57 4.55 
8 12.05 11.21 14.21 15.62 6.77 
9 12.05 10.94 14.68 15.15 10.38 
10 12.05 10.94 15.62 14.68 14.55 
11 12.05 10.94 17.04 14.68 18.99 
12 12.05 10.94 17.99 14.68 22.88 
13 12.05 11.49 18.93 20.82 26.21 
14 12.32 11.77 19.40 20.82 28.46 
15 12.60 12.32 19.87 15.15 29.56 
16 12.88 12.88 19.87 13.20 28.71 
17 13.16 13.44 20.35 17.40 27.86 
18 13.43 14.32 20.35 18.45 25.11 
19 13.43 13.99 20.35 19.87 21.21 
20 13.71 13.99 20.35 21.29 16.51 
21 13.99 13.99 19.87 22.24 9.60 
22 13.99 13.99 19.40 22.24 9.81 
23 13.71 14.32 18.93 22.24 8.16 
24 13.71 13.44 18.45 21.29 7.06 
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Table (A10) Heat gain through walls and roofs on month of  Ap/Aug at 
zone A 
 
Dir 
 Hr 
N S E Roof 
1 1075.5 1354 16191 122.7 
2 1075.4 1267.4 15759 133.97 
3 1048.9 1239.8 15336 105.4 
4 1021.4 1212.3 11.880 96.7 
5 993.8 1185.7 14058 92.3 
6 966.3 1158.2 13635 88.13 
7 939.7 1130.6 132.12 96.7 
8 939.7 1103.1 12789 131.3 
9 939.7 1076.5 13212 187.5 
10 939.7 1076.5 14058 252.4 
11 939.7 1076.5 15336 321.7 
12 939.7 1076.5 16191 382.1 
13 939.7 1130.6 17037 433.9 
14 966.3 1158.2 15336 469 
15 993.8 1212.3 1579 486 
16 1021.4 1267.4 15759 472.9 
17 1048.9 1322.5 18315 460 
18 10,75.5 1349 18315 416.8 
19 1075.5 1376.6 18315 356 
20 1103.1 1376.6 15759 282.9 
21 1130.6 1376.6 15336 220.6 
22 1130.6 1376.6 17037 178.6 
23 1103.1 1349 17037 152.8 
24 1103.1 1322.5 16605 135.8 
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Table (A11) Heat gain through walls on month of May and July 
Dir  
HR 
N S E Roof 
1 1130.6 1130.6 16191 127.05 
2 1130.6 1104 15759 118.3 
3 1103 1076.5 15336 109.77 
4 1075.5 1048.9 15337 109.77 
5 1048.9 1021.4 14058 96.7 
6 1021.4 993.84 13635 92.5 
7 993.84 967.3 13212 102.05 
8 993.84 939.7 12789 135.6 
9 993.84 912.2 13212 191.8 
10 993.84 912.2 14058 256.7 
11 993.84 912.2 15336 326 
12 993.84 912.2 16191 386.4 
13 993.84 967.3 17037 438.3 
14 1021.4 993.84 15336 473.3 
15 1048.9 1048.9 15759 490.5 
16 1075.5 1104 15759 477.2 
17 1103 1158.2 18315 464 
18 1130.6 1185.7 18315 421.2 
19 1130.6 12.13.3 18315 360.4 
20 1158.2 12.13.3 1579 287.3 
21 1184.7 12.13.3 15336 225 
22 1184.7 12.13.3 17037 182.9 
23 1158.2 1185.7 17037 157.3 
24 1158.2 1185.2 16605 140.13 
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Table (A12) Heat gain through walls on month of June At Zone A 
Dir  
HR 
N S E Roof 
1 1267.4 1103 16191 127.1 
2 1267.4 1076.5 15759 118.3 
3 1238.8 1048.9 15336 109.8 
4 121.3 1021.4 11880 101.05 
5 1158.2 993.83 14058 92.5 
6 1158.2 966.3 13635 92.5 
7 1130.6 939.7 12789  101.05 
8 1130.6 912.2 12789  135.6 
9 1130.6 884.6 13212 191.8 
10 1130.6 884.6 14058 55.7 
11 1130.6 884.6 15336 326 
12 1130.6 884.6 16191 386.4 
13 1130.6 939.7 17037 438.3 
14 1158.2 966.3 15336 473.3 
15 1185.7 1021.4 15759 490.5 
16 1212.3 1076.5 15759 477.2 
17 1239.8 1121.8 18315 464 
18 1267.4 1158.2 18315 421.2 
19 1267.4 1185.7 18315 360.4 
20 1295 1185.7 15759 287.3 
21 1321.5 1185.7 15336 225 
22 1321.5 1185.7 17037 182.9 
23 1295 1158.2 17037 157.3 
24 1295 1121.8 16605 140.13 
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Table(13) Heat gain Through walls and roof at Zone B        
On Month April / August 
DIR 
HR 
N S Roof 
1 2151 2589.9 245.4 
2 2151 2534.8 227.9 
3 2097.9 2479.7 210.8 
4 2042.8 2424.6 193.4 
5 1987.7 2371.4 184.7 
6 1932.6 2316.3 176.3 
7 1879.4 2261.2 184.7 
8 1879.2 220.1 262.5 
9 1879.4 2153.0 374.9 
10 1879.4 2153 504.8 
11 1879.4 2153 643.4 
12 1879.4 2153 764.2 
13 1879 2261.2 867.9 
14 1932.6 2316.3 937.9 
15 1987.7 2424.6 972.2 
16 2042.8 2534.8 945.7 
17 2097.9 2645 919.3 
18 2151 2698.1 833.6 
19 2151 2753.2 712.2 
20 2206 2753.2 565.8 
21 2261.2 2753.2 441.3 
22 2261.2 2753.2 357.2 
23 2206 2698.1 305.8 
24 2206 2645 271.5 
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Table(A14) Heat gain Through walls and roof at Zone B 
On Month May / July 
DIR 
HR 
N S Roof 
1 2261.2 2261.2 254.1 
2 2261.2 2208.1 236.7 
3 2206.1 2153 219.5 
4 2151 2097.9 202.1 
5 2097.9 2042.8 193.4 
6 2042.8 1987.7 184.97 
7 1987.7 1934.5 202.1 
8 1987.7 1879.4 271.2 
9 1987.7 1824.3 383.6 
10 1987.7 1824.3 513.5 
11 1987.7 1824.3 652.1 
12 1987.7 1824.3 772.9 
13 1987.7 1934.5 876.6 
14 2042.8 1987.7 946.7 
15 2097.9 2097.9 980.9 
16 2151 2208.1 954.4 
17 2206.1 2316.3 927.97 
18 2261.2 2371.4 842.3 
19 2261.2 2426.5 720.89 
20 2316.3 2426.5 574.5 
21 2369.5 2426.5 450 
22 2369.5 2426.5 365.9 
23 2316.3 2371.4 314.5 
24 2316.3 2316.3 280.3 
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Table (A15) Heat gain Through walls and roof at Zone B  On Month June 
DIR
HR 
N S Roof 
1 2534.8 2206.1 2454.1 
2 2534.8 2152.99 236.7 
3 2479.7 2097.9 219.5 
4 2424.6 2042.7 202.1 
5 2377.4 1987.7 193.4 
6 2316.3 1932.6 185 
7 2261.2 1879.4 202.1 
8 2261.2 1824.3 271.2 
9 2261.2 1769.2 383.6 
10 2261.2 1769.2 513.5 
11 2261.2 1769.2 652.1 
12 2261.2 169.2 772.89 
13 2261.2 1879.4 876.6 
14 2316.3 1932.6 946.7 
15 2371.4 2042.7 980.9 
16 2424.6 2153 954.4 
17 2479.7 2261.2 928 
18 2534.8 2316.3 842.3 
19 2534.8 2371.4 720.89 
20 2589.9 2371.4 574.5 
21 2643 2371.4 450 
22 2643 2371.4 365.9 
23 2589.9 2316.3 314.5 
24 2589.9 2261.2 280.3 
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Table (A16) Heat Gain through Walls at Zone C   on Month of 
April/Aug. 
DIR 
HR 
N S W  Roof 
1 395.7 476.4 18738 160.8 
2 395.7 466.3 17883 149.3 
3 385.9 456.1 17460 138.1 
4 375.8 445.98 16605 126.7 
5 365.6 436.2 16191 120.97 
6 355.5 426 15336 115.5 
7 345.7 415.9 14913 126.7 
8 345.7 405.8 14058 171.97 
9 345.7 396.0 13635 245.6 
10 345.7 396.0 13212 330.7 
11 345.7 396.0 13212 241.5 
12 345.7 396.0 13212 500.6 
13 345.7 419.5 18738 568.5 
14 355.5 426 18738 614.4 
15 365.6 445.98 13635 636.9 
16 375.8 466.3 14490 619.1 
17 385.9 486.5 15336 602.2 
18 395.7 196.3 16605 546.1 
19 395.7 506.4 17883 466.5 
20 405.8 506.4 19161 370.7 
21 415.9 506.4 20016 289.1 
22 415.9 506.4 20016 233.99 
23 405.8 496.3 20016 200.3 
24 405.8 486.5 19161 177.9 
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Table (A17)Heat Gain through Walls at Zone C      on Month of May/July 
DIR 
HR 
N S W  Roof 
1 415.9 419.5 18738 166.5 
2 415.9 406.2 17883 155.0 
3 405.8 396 17460 143.8 
4 395.7 385.9 16605 132.4 
5 385.9 375.8 19191 126.7 
6 375.8 365.6 15336 121.2 
7 365.6 355.8 14913 132.4 
8 365.6 345.7 14058 177.7 
9 365.6 335.6 13635 251.3 
10 365.6 335.6 13912 336.4 
11 365.6 335.6 13212 427.2 
12 365.6 335.6 13212 506.3 
13 365.6 355.8 18738 574.3 
14 375.8 365.6 18738 620.2 
15 385.9 385.9 13635 342.6 
16 395.7 406.2 14490 625.3 
17 405.8 426.1 15336 607.9 
18 415.9 436.2 16605 551.8 
19 415.9 446.3 17883 472.3 
20 426.1 446.3 19161 376.4 
21 435.8 446.3 20016 294.8 
22 435.8 446.3 20016 239.7 
23 426.1 436.2 20016 206.0 
24 426.1 426.1 20016 183.6 
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Table (A18) Heat Gain through Walls at Zone C     on Month of June 
DIR 
HR 
N S W  Roof 
1 466.3 405.8 18738 166.5 
2 466.3 396.0 17883 155.0 
3 456.1 386 17460 143.8 
4 446 376 16605 132.4 
5 436.2 365.6 16191 126.7 
6 426 355.5 15336 121.2 
7 416 345.7 14913 132.4 
8 416 325.4 14058 177.7 
9 416 325.4 13635 251.3 
10 416 325.4 13212 336.4 
11 416 325.4 13212 427.2 
12 416 325.4 13212 506.3 
13 416 345.7 18738 574.3 
14 426 355.5 18738 620.2 
15 436.2 376 13635 642.6 
16 446 396 14490 625.3 
17 456.1 415.9 15336 607.9 
18 466.3 426 16605 551.8 
19 466.3 436.2 17883 472.3 
20 476.4 436.2 19161 376.4 
21 486.2 436.2 20016 294.8 
22 486.2 436.2 20016 239.7 
23 476.4 426 20016 206.0 
24 476.4 415.9 1916 183.6 
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Table (A19 ) for giving values of CLTD through glass for 
all months of the year 
Hour CLTD Hour CLTD 
1 -2.22 13 3.89 
2 -2.78 14 4.44 
3 -3.33 15 5.00 
4 -3.89 16 5.00 
5 -3.89 17 4.44 
6 -3.89 18 3.89 
7 -3.89 19 2.78 
8 -2.78 20 1.67 
9 -1.67 21 0.56 
10 -0.56 22 0.56 
11 1.11 23 -1.11 
12 2.22 24 -1.67 
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Table (A20) Values of CLTDcorrect  through glass for 
all months of the year 
 
Hour CLTD Hour CLTD 
1 5.38 13 11.49 
2 4.82 14 12.04 
3 4.27 15 12.6 
4 3.71 16 12.6 
5 3.71 17 12.04 
6 3.71 18 11.49 
7 3.71 19 10.38 
8 4.82 20 9.27 
9 5.93 21 8.16 
10 8.04 22 7.04 
11 8.71 23 6.49 
12 9.82 24 5.93 
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Table (A21) heat gain through Glass by Conduction 
Zone
HR 
A B C 
1 964.1 903.8 2771.8 
2 963.7 809.8 2483.3 
3 765.2 717.4 2199.9 
4 664.8 623.3 1911.4 
5 664.8 623.3 1911.4 
6 664.8 623.3 1911.4 
7 664.8 623.3 1911.4 
8 863.7 809.8 2483.3 
9 1062.6 996.2 3055.1 
10 1261.6 1182.7 3627 
11 1560.8 1463.3 4487.4 
12 1759.7 1649.8 5059.3 
13 2059 1930.3 5919.6 
14 2157.5 2022.7 6203 
15 2257.9 2116.8 6491.5 
16 2257.9 2116.8 6491.5 
17 2157.5 2022.7 6203 
18 2059 1930.3 5919.6 
19 1860 1743.8 5347.8 
20 1661 1557.4 4775.9 
21 1462.3 1370.9 4204 
22 1261.6 1182.7 3627 
23 1163 1090.3 3343.6 
24 1062.6 996.2 3055.1 
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Table (A22) Heat gain by conduction through Double Glazing window  
At Zone B 
Zone
HR 
B 
1 161.4 
2 144.6 
3 128.1 
4 111.3 
5 111.3 
6 111.3 
7 111.3 
8 144.6 
9 177.9 
10 211.2 
11 261.3 
12 2694.6 
13 344.7 
14 361.2 
15 378 
16 378 
17 361.2 
18 344.7 
19 311.4 
20 273.1 
21 244.8 
22 211.2 
23 194.7 
24 177.9 
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Table (A 23 ) Showing SHFG values for Jan / Nov. 
Dir 
HR 
N S E W 
1 0.00 0.00 0.00 0.00 
2 0.00 0.00 0.00 0.00 
3 0.00 0.00 0.00 0.00 
4 0.00 0.00 0.00 0.00 
5 0.00 0.00 0.00 0.00 
6 0.00 0.00 0.00 0.00 
7 15.78 154.60 391.22 15.78 
8 44.17 359.67 662.55 44.17 
9 66.26 479.56 631.00 66.26 
10 82.03 561.59 473.25 82.03 
11 91.50 612.07 242.94 91.50 
12 94.64 627.85 100.96 94.65 
13 91.50 612.07 242.94 91.50 
14 82.03 561.59 473.25 82.03 
15 66.26 479.56 631.00 66.26 
16 44.17 359.67 662.55 44.17 
17 15.78 154.60 391.22 15.78 
18 0.00 0.00 0.00 0.00 
19 0.00 0.00 0.00 0.00 
20 0.00 0.00 0.00 0.00 
21 0.00 0.00 0.00 0.00 
22 0.00 0.00 0.00 0.00 
23 0.00 0.00 0.00 0.00 
24 0.00 0.00 0.00 0.00 
 
 
 137
Table (A24) Showing SHFG values for Month of Feb / Oct 
Dir 
HR 
N S E W 
1 0.00 0.00 0.00 0.00 
2 0.00 0.00 0.00 0.00 
3 0.00 0.00 0.00 0.00 
4 0.00 0.00 0.00 0.00 
5 0.00 0.00 0.00 0.00 
6 0.00 0.00 0.00 0.00 
7 25.24 53.64 533.20 25.24 
8 53.64 59.95 728.81 53.64 
9 72.57 75.72 675.17 72.57 
10 88.34 91.50 507.96 88.34 
11 100.96 100.96 261.87 100.96 
12 104.12 104.12 107.27 107.27 
13 100.96 100.96 261.87 100.96 
14 88.34 91.50 507.96 88.34 
15 72.57 75.72 675.17 72.57 
16 53.64 59.95 728.81 53.64 
17 25.24 53.64 533.20 25.24 
18 0.00 0.00 0.00 0.00 
19 0.00 0.00 0.00 0.00 
20 0.00 0.00 0.00 0.00 
21 0.00 0.00 0.00 0.00 
22 0.00 0.00 0.00 0.00 
23 0.00 0.00 0.00 0.00 
24 0.00 0.00 0.00 0.00 
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Table (A25) Showing SHFG values for Month of Mar / Sept 
Dir 
HR 
N S E W 
1 0.00 0.00 0.00 0.00 
2 0.00 0.00 0.00 0.00 
3 0.00 0.00 0.00 0.00 
4 0.00 0.00 0.00 0.00 
5 0.00 0.00 0.00 0.00 
6 0.00 0.00 0.00 0.00 
7 34.71 47.33 605.76 31.55 
8 63.10 110.43 754.05 59.95 
9 82.03 179.84 687.79 82.03 
10 97.81 239.78 520.58 97.81 
11 107.27 280.80 274.49 107.27 
12 110.43 293.42 116.74 116.74 
13 107.27 280.80 274.49 107.27 
14 97.81 239.78 520.58 97.81 
15 82.03 179.84 687.79 82.03 
16 63.10 110.34 754.05 59.95 
17 34.71 47.33 605.76 31.55 
18 0.00 0.00 0.00 0.00 
19 0.00 0.00 0.00 0.00 
20 0.00 0.00 0.00 0.00 
21 0.00 0.00 0.00 0.00 
22 0.00 0.00 0.00 0.00 
23 0.00 0.00 0.00 0.00 
24 0.00 0.00 0.00 0.00 
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Table (A26) Showing SHFG values for Month of Apl / Aug 
Dir 
HR 
N S E W 
1 0.00 0.00 0.00 0.00 
2 0.00 0.00 0.00 0.00 
3 0.00 0.00 0.00 0.00 
4 0.00 0.00 0.00 0.00 
5 0.00 0.00 0.00 0.00 
6 6.31 3.155 44.71 3.155 
7 75.72 77.17 602.61 41.02 
8 85.19 75.72 716.19 69.41 
9 97.81 97.81 656.24 91.50 
10 110.43 116.74 498.49 104.12 
11 119.89 135.67 271.33 113.58 
12 123.05 141.98 126.20 126.20 
13 119.89 135.67 271.33 113.58 
14 110.43 116.74 498.49 104.12 
15 97.81 97.81 565.24 91.50 
16 85.19 75.72 716.19 69.41 
17 75.72 44.17 602.61 41.02 
18 6.31 3.155 44.17 3.155 
19 0.00 0.00 0.00 0.00 
20 0.00 0.00 0.00 0.00 
21 0.00 0.00 0.00 0.00 
22 0.00 0.00 0.00 0.00 
23 0.00 0.00 0.00 0.00 
24 0.00 0.00 0.00 0.00 
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Table (A27) Showing SHFG values for Month of May / July 
Dir 
HR 
N S E W 
1 0.00 0.00 0.00 0.00 
2 0.00 0.00 0.00 0.00 
3 0.00 0.00 0.00 0.00 
4 0.00 0.00 0.00 0.00 
5 0.00 0.00 0.00 0.00 
6 44.17 9.46 135.67 9.47 
7 157.75 50.48 583.68 50.48 
8 164.06 78.88 678.33 75.72 
9 154.60 100.96 621.54 94.65 
10 148.29 116.74 473.25 110.43 
11 148.29 126.2 261.87 119.89 
12 145.13 129.36 132.51 132.51 
13 148.29 126.20 261.87 119.89 
14 148.29 116.74 473.25 110.43 
15 154.60 100.96 621.54 94.65 
16 164.06 78.88 678.33 75.72 
17 157.75 50.48 583.68 50.48 
18 44.17 9.47 135.67 9.47 
19 0.00 0.00 0.00 0.00 
20 0.00 0.00 0.00 0.00 
21 0.00 0.00 0.00 0.00 
22 0.00 0.00 0.00 0.00 
23 0.00 0.00 0.00 0.00 
24 0.00 0.00 0.00 0.00 
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Table (A28) Showing SHFG values for Month of June 
Dir 
HR 
N S E W 
1 0.00 0.00 0.00 0.00 
2 0.00 0.00 0.00 0.00 
3 0.00 0.00 0.00 0.00 
4 0.00 0.00 0.00 0.00 
5 0.00 0.00 0.00 0.00 
6 63.1 12.62 160.91 12.62 
7 195.61 63.10 564.75 50.48 
8 208.23 97.81 653.09 78.88 
9 198.77 116.74 599.45 97.81 
10 186.15 123.05 457.48 113.58 
11 179.84 129.36 258.71 123.05 
12 179.84 129.36 135.67 129.36 
13 179.84 129.36 258.71 123.05 
14 186.15 123.05 457.48 113.58 
15 198.77 116.74 599.45 97.81 
16 208.23 97.81 653.09 78.88 
17 195.61 63.10 564.75 50.48 
18 63.1 12.62 160.91 12.62 
19 0.00 0.00 0.00 0.00 
20 0.00 0.00 0.00 0.00 
21 0.00 0.00 0.00 0.00 
22 0.00 0.00 0.00 0.00 
23 0.00 0.00 0.00 0.00 
24 0.00 0.00 0.00 0.00 
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Table (A29) Showing SHFG values for Month of December 
Dir 
HR 
N S E W 
1 0.00 0.00 0.00 0.00 
2 0.00 0.00 0.00 0.00 
3 0.00 0.00 0.00 0.00 
4 0.00 0.00 0.00 0.00 
5 0.00 0.00 0.00 0.00 
6 0.00 0.00 0.00 0.00 
7 12.62 15144 350.21 12.62 
8 41.02 391.22 624.69 41.02 
9 63.10 520.58 609.61 63.10 
10 78.88 605.76 454.32 78.88 
11 88.34 653.09 230.32 94.65 
12 91.50 668.86 94.65 239.78 
13 88.34 653.09 230.32 94.65 
14 78.88 605.76 454.32 78.88 
15 63.10 520.58 602.61 63.10 
16 41.02 391.22 624.69 41.02 
17 12.62 151.44 350.21 12.62 
18 0.00 0.00 0.00 0.00 
19 0.00 0.00 0.00 0.00 
20 0.00 0.00 0.00 0.00 
21 0.00 0.00 0.00 0.00 
22 0.00 0.00 0.00 0.00 
23 0.00 0.00 0.00 0.00 
24 0.00 0.00 0.00 0.00 
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Table (A30) Cooling Load Factors For Glass with interior shading, North 
Latitudes.  (All room construction) 
         DIR 
HR 
N S E W 
1.  0.08 0.04 0.03 0.05 
2.  0.07 0.04 0.02 0.05 
3.  0.06 0.03 0.02 0.04 
4.  0.06 0.03 0.02 0.04 
5.  0.07 0.03 0.02 0.03 
6.  0.73 0.09 0.47 0.06 
7.  0.66 0.16 0.72 0.09 
8.  0.65 0.23 0.80 0.11 
9.  0.73 0.38 0.76 0.13 
10. 0.80 0.58 0.62 0.15 
11. 0.86 0.75 0.41 0.16 
12. 0.89 0.83 0.27 0.17 
13. 0.89 0.80 0.24 0.31 
14. 0.86 0.68 0.22 0.53 
15. 0.82 0.50 0.20 0.72 
16. 0.75 0.35 0.17 0.82 
17. 0.78 0.27 0.14 0.81 
18. 0.91 0.19 0.11 0.61 
19. 0.24 0.11 0.06 0.16 
20. 0.18 0.09 0.05 0.12 
21. 0.15 0.08 0.05 0.10 
22. 0.13 0.07 0.04 0.08 
23. 0.11 0.06 0.03 0.07 
24. 0.10 0.05 0.03 0.06 
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Table (A31) Cooling Load by Radiation through glass on Month of  
April / Aug At Zone A 
Dir 
HR 
N S E Total 
6 38.97 2.40 273.20 314.57 
7 422.8 59.79 5709.85 6192.44 
8 468.46 147.34 7540 8155.8 
9 604.05 314.44 6563.45 7481.94 
10 747.39 572.82 4067.28 5387.44 
11 872.27 860.83 2213.84 3946.94 
12 926.49 996.96 448.41 2371.83 
13 902.70 918.21 856.97 2677.88 
14 803.44 671.58 1443.23 2918.25 
15 678.53 413.74 1727.22 2819.49 
16 540.53 224.21 1602.26 2367 
17 499.66 130.79 1110.25 1740.7 
18 48.58 5.071 63.94 117.59 
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Table (A32) Cooling Load by Radiation through glass on Month of 
May/July At Zone A 
Dir 
HR 
N S E Total 
6 272.79 7.20 839.15 1119.14 
7 880.81 68.33 5530.5 6479.64 
8 902.17 153.48 7141.5 8197.15 
9 954.78 324.57 8180 9459.35 
10 1003.63 572.82 3861.3 5437.7 
11 1078.90 800.7 1412.95 3292.55 
12 1092.7 908.34 470.8 2471.84 
13 1116.53 854.12 827.09 2797.74 
14 1078.90 671.58 1370.15 3120.63 
15 1072.49 427 1635.9 3135.39 
16 1040.96 233.56 1517.56 2792.08 
17 1040.96 115.31 1075.37 2231.64 
18 340.0 15.22 196.40 551.62 
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Table (A33) Cooling Load by Radiation through glass on Month of June 
At Zone A 
 
Dir 
HR 
N S E Total 
6 389.7 9061 995.3 1394.61 
7 1092.2 85.41 5351 6528.61 
8 1145 190.32 6875.7 8211.02 
9 1227.6 375.30 5995 7597.9 
10 1259.9 603.78 3732.7 5596.38 
11 1308.4 820.79 1395.9 3525.09 
12 1308.4 908.34 482.06 2698.8 
13 1308.4 875.5 817.11 3001 
14 1354 707.88 1324.5 3386.38 
15 1378.9 493.81 1577.8 3450.5 
16 1321 289.62 1461.09 3071.7 
17 1290.8 144.13 1040.5 2475.43 
18 485.8 20.285 232.9 738.985 
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Table (A34) Cooling Load by Radiation through glass on Month of April 
/ Aug At Zone B 
Dir
HR 
N S Total 
6 64.95 4 68.95 
7 704.7 99.6 884.3 
8 780.8 245.6 1026.4 
9 1006.8 524 1530.8 
10 1245.7 954.7 2200 
11 1453.8 1434.7 2888.5 
12 1544 1661.6 3205.6 
13 1504.5 1530.4 3034.9 
14 1339 1119.3 2458.3 
15 1130.9 689.6 1820.5 
16 900.9 373.7 1274.6 
17 832.8 168.2 1001 
18 81 8.45 89.45 
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Table (A35) Cooling Load by Radiation through glass on 
Month of May/July At Zone B 
 
Dir 
HR 
N S Total 
6 454.3 12 466.3 
7 1468 113.9 1581.9 
8 1504 255.81 1759.81 
9 1591.3 540.9 2132.2 
10 1672.7 954.7 2627.4 
11 1798.2 1334.6 3132.8 
12 1821.2 1513.9 3335.1 
13 1860.9 1423.5 3284.4 
14 1798.2 1119.3 2917.5 
15 1787.5 711.8 2499.3 
16 1734.9 389.3 2124.2 
17 1734.9 192.2 1927.1 
18 566.7 25.4 592.1 
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Table (A36) Cooling Load by Radiation through glass on Month of June 
At Zone B 
 
Dir
HR 
N S Total 
6 649.5 16 665.5 
7 1820.3 142.4 1962.7 
8 1908.4 317.2 2225.2 
9 2045.9 625.5 2671.4 
10 2099.8 1006.3 3106.1 
11 2180.7 1367.98 3548.7 
12 2256.8 1514 3770.8 
13 2256.8 1459.2 3716 
14 2257.3 1179.8 3437.1 
15 2298.2 823 3121.2 
16 2202 482.7 2684.7 
17 2151.3 240.2 2391.5 
18 809.6 33.8 843.4 
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Table (A37) Cooling Load by Radiation through Double glazing At Zone 
B  
Oriented on the south wall of the Hall. 
 
Dir
HR 
Apl / Aug May / July June 
6 2.27 6.81 9.09 
7 56.54 64.6 80.77 
8 139.3 145 179.97 
9 297.3 306.9 355 
10 541.7 541.7 571 
11 814.02 757.2 766.2 
12 942.7 858.95 858.95 
13 767.3 807.68 827.9 
14 635 635 669.4 
15 391.2 403.8 466.96 
16 212 220.9 273.9 
17 95 109 136.3 
18 4.80 14.39 19.18 
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Table (A38) Cooling Load by Radiation through glass At Zone C 
Only west wall has window single 6 mm glass sheet sc= 0.73 
 
   Month
HR 
APL/Aug May/July June 
6 12.72 38.16 50.85 
7 247.9 305.12 305.1 
8 512.8 559.40 582.7 
9 798.6 826.36 853.95 
10 1048.9 111.45 1144.2 
11 1220.5 1288.30 1322 
12 1440.9 1512.93 1476.9 
13 2365.0 2496.1 2561.9 
14 3706 3930.6 4042.9 
15 4424.5 4576.8 4729.6 
16 3822.5 4169.98 4344 
17 2231.5 2746.1 2746.1 
18 129.3 388 516.99 
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Table (A39) Total of Heat gain by glass on Month of April / Aug at Zone 
A 
Q 
Hr 
Q 
Conduction
Q  
Radiation
Q  
Total 
1 964.1 0.00 964.1 
2 863.7 0.00 863.7 
3 765.2 0.00 765.2 
4 664.8 0.00 664.8 
5 664.8 0.00 664.8 
6 664.8 314.57 979.37 
7 664.8 6192.44 6857.24 
8 863.7 8155.8 9019.5 
9 1062.66 7481.94 8544.6 
10 1261.6 5387.44 6649 
11 1560.8 3946.94 5507.7 
12 1759.7 2371.83 4131.53 
13 2059 2677.88 4736.9 
14 2157.6 2918.25 2075.85 
15 2257.9 2819.49 2077.4 
16 2257.9 2367 4625 
17 2157.5 1740.7 3898.2 
18 2059 117.59 2176.59 
19 1860 0.00 1860 
20 1661 0.00 1661 
21 1462.3 0.00 1462.3 
22 1261.6 0.00 1261.6 
23 1163 0.00 1163 
24 1062.7 0.00 1062.7 
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Table (A40) Total of Heat gain by glass on Month of May / July at Zone 
A 
Q 
Hr 
Q 
Conduction
Q  
Radiation
Q  
Total 
1 964.1 0.00 964.1 
2 863.7 0.00 863.7 
3 765.2 0.00 765.2 
4 664.8 0.00 664.8 
5 664.8 0.00 664.8 
6 664.8 1119.14 17883.94 
7 664.8 6479.6 7144.4 
8 863.7 8197.15 9060.85 
9 1062.7 9459.35 10522.05 
10 1261.6 5437.7 6699.3 
11 1560.8 3292.55 4853.35 
12 1759.7 2471.84 4231.54 
13 2059 2797.7 4856.7 
14 2157.6 3120.6 5278.2 
15 2257.9 3135.4 5393.3 
16 2257.9 2792.1 5050 
17 2157.5 2231.6 4389.1 
18 2059 221.62 2610.6 
19 1860 0.00 1860 
20 1661 0.00 1661 
21 1462.3 0.00 1462.3 
22 1261.6 0.00 1261.6 
23 1163 0.00 1163 
24 1062.7 0.00 1062.7 
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Table (A41) Total of Heat gain by glass on Month of June at  Zone A 
Q 
Hr 
Q 
Conduction
Q  
Radiation
Q  
Total 
1 964.1 0.00 964.1 
2 863.7 0.00 863.7 
3 765.2 0.00 765.2 
4 664.8 0.00 664.8 
5 664.8 0.00 664.8 
6 664.8 1394.61 2059.4 
7 664.8 6528.61 7193.4 
8 863.7 8211.02 9074.7 
9 1062.7 7597.9 8660.6 
10 1261.6 5596.38 6857.98 
11 1560.8 3525.09 5085.89 
12 1759.7 2698.8 4458.5 
13 2059 3001 5060 
14 2157.6 3386.4 5544 
15 2257.9 3450.5 5708.4 
16 2257.9 3071.7 5329.6 
17 2157.6 2475.43 4633 
18 2059 738.99 2798 
19 1860 0.00 1860 
20 1661 0.00 1661 
21 1462.3 0.00 1462.3 
22 1261.6 0.00 1261.6 
23 1163 0.00 1163 
24 1062.7 0.00 1062.7 
 
 155
Table (A42) Heat gain by Radiation through glass on Month of   
  April / Aug At Zone B 
Q 
HR 
Qconduction 
Single  
QRadiation 
Single 
Qconduction 
Double 
Qconduction 
Double 
Total 
1 903.8 0.00 161.4 0.00 1065.2 
2 809.8 0.00 144.6 0.00 954.4 
3 717.4 0.00 128.1 0.00 845.5 
4 623.3 0.00 111.3 0.00 734.6 
5 623.3 0.00 111.3 0.00 734.6 
6 623.3 68.95 111.3 2.27 805.82 
7 623.3 884.3 111.3 56.54 1675.4 
8 809.8 1026.4 144.6 139.3 2120.1 
9 996.2 1530.8 177.9 297.3 3002.2 
10 1182.7 2200 211.2 541.7 4135.6 
11 1463.3 2888.5 261.3 814.02 5427.1 
12 1649.8 3205.6 294.6 942.7 5150 
13 1930.3 3034.9 344.7 767.3 6077.2 
14 2022.7 2458.3 361.2 635 5477.2 
15 2116.8 1820.5 378 391.2 4706.5 
16 2116.8 1274.6 378 212 3981.4 
17 2022.7 1001 631.2 95.4 3480.3 
18 1930.3 89.45 344.7 4.80 2369.25 
19 1743.8 0.00 311.4 0.00 2055.2 
20 1557.4 0.00 278.1 0.00 1835.5 
21 1370.9 0.00 24.8 0.00 1615.7 
22 1182.7 0.00 211.2 0.00 1393.9 
23 1090.3 0.00 194.7 0.00 1285 
24 996.2 0.00 177.9 0.00 1174.1 
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Table (A43) Heat gain by Radiation through glass on Month of  May / 
July At Zone B 
Q 
HR 
Qconduction 
Single  
QRadiation 
Single 
Qconduction 
Double 
QRadiation 
Double 
Total 
1 903.8 0.00 161.4 0.00 1065.2 
2 809.8 0.00 144.6 0.00 954.4 
3 717.4 0.00 128.1 0.00 845.5 
4 623.3 0.00 111.3 0.00 734.6 
5 623.3 0.00 111.3 0.00 734.6 
6 623.3 665.5 111.3 9.09 1409.2 
7 623.3 1962.7 111.3 80.77 2778.1 
8 809.8 2225.2 144.6 179.97 3359.6 
9 996.2 2671.4 177.9 355 4200.5 
10 1182.7 3106.1 211.2 571 5071 
11 1463.3 3548.7 261.3 776.2 6049.5 
12 1649.8 3770.8 294.6 858.95 6574.2 
13 1930.3 3716 344.7 827.9 6818.6 
14 2022.7 3437.1 361.2 669.4 6490.4 
15 2116.8 3121.2 378 466.96 6083 
16 2116.8 2684.7 378 273.9 5453.4 
17 2022.7 2391.5 631.2 136.3 4811.7 
18 1930.3 843.4 344.7 19.18 3137.6 
19 1743.8 0.00 311.4 0.00 2055.2 
20 1557.4 0.00 278.1 0.00 1835.5 
21 1370.9 0.00 24.8 0.00 1615.7 
22 1182.7 0.00 211.2 0.00 1393.9 
23 1090.3 0.00 194.7 0.00 1285 
24 996.2 0.00 177.9 0.00 1174.1 
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Table (A44)Total Heat gain by Radiation through glass on  Month of 
June At Zone B 
Q 
HR 
Qconduction 
Single  
QRadiation 
Single 
Qconduction 
Double 
QRadiation 
Double 
Total 
1 903.8 0.00 161.4 0.00 1065.2 
2 809.8 0.00 144.6 0.00 954.4 
3 717.4 0.00 128.1 0.00 845.5 
4 623.3 0.00 111.3 0.00 734.6 
5 623.3 0.00 111.3 0.00 734.6 
6 623.3 466.3 111.3 6.81 1207.7 
7 623.3 1581.9 111.3 64.6 2381.1 
8 809.8 1759.81 144.6 145 2859.2 
9 996.2 2132.2 177.9 306.9 361.32 
10 1182.7 2627.4 211.2 541.7 4563 
11 1463.3 3132.8 261.3 757.2 5614.6 
12 1649.8 3335.1 294.6 858.95 6138.5 
13 1930.3 3284.4 344.7 807.68 6367.1 
14 2022.7 2917.5 361.2 635 5936.4 
15 2116.8 2499.3 378 403.8 5397.9 
16 2116.8 2124.2 378 220.9 4839.9 
17 2022.7 1927.1 631.2 109 4420 
18 1930.3 592.1 344.7 14.39 2881 
19 1743.8 0.00 311.4 0.00 2055.2 
20 1557.4 0.00 278.1 0.00 1835.5 
21 1370.9 0.00 24.8 0.00 1515.7 
22 1182.7 0.00 211.2 0.00 1393.9 
23 1090.3 0.00 194.7 0.00 1285 
24 996.2 0.00 177.9 0.00 1174.1 
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Table (A45)Total Heat gain by glass on Month of Apl / Aug At Zone C 
Q 
HR 
Qconduction 
 
QRadiation 
 
Total 
1 2771.8 0.00 2771.8 
2 2483.3 0.00 2483.3 
3 2199.9 0.00 2199.9 
4 1911.4 0.00 1911.4 
5 1911.4 0.00 1911.4 
6 1911.4 12.72 1924.12 
7 1911.4 247.9 2159.3 
8 1483.3 512.8 2996.1 
9 3055.1 798.6 3853.7 
10 3627 1048.9 43675.9 
11 4487.4 1220.5 5707.9 
12 5059.3 1440.9 6500.2 
13 5919.6 2365.0 8284.6 
14 6203 3706 9909 
15 6491.5 4424.5 10916 
16 6491.5 3822.5 10314 
17 6203 2231.5 8434.5 
18 5919.6 129.3 6048.9 
19 5347.8 0.00 5347.8 
20 4775.9 0.00 4775.9 
21 4204 0.00 4204 
22 3627 0.00 3627 
23 3343.6 0.00 3343.6 
24 3055.1 0.00 3055.1 
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Table (A46)Total Heat gain by glass on Month of May / July At Zone C 
Q 
HR 
Qconduction 
 
QRadiation 
 
Total 
1 2771.8 0.00 2771.8 
2 2483.3 0.00 2483.3 
3 2199.9 0.00 2199.9 
4 1911.4 0.00 1911.4 
5 1911.4 0.00 1911.4 
6 1911.4 38.16 1949.56 
7 1911.4 305.12 2216.5 
8 1483.3 559.40 3042.7 
9 3055.1 826.36 3881.5 
10 3627 1112.45 4739.5 
11 4487.4 1288.30 5775.7 
12 5059.3 1512.93 3572.2 
13 5919.6 2496.1 8415.7 
14 6203 3930.6 10133.6 
15 6491.5 4576.8 11068.5 
16 6491.5 4169.98 10661.5 
17 6203 2746.1 8949.1 
18 5919.6 388 6307.6 
19 5347.8 0.00 5347.8 
20 4775.9 0.00 4775.9 
21 4204 0.00 4204 
22 3627 0.00 3627 
23 3343.6 0.00 3343.6 
24 3055.1 0.00 3055.1 
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Table (A47)Total Heat gain by glass on Month of June At Zone C 
Q 
HR 
Qconduction 
 
QRadiation 
 
Total 
1 2771.8 0.00 2771.8 
2 2483.3 0.00 2483.3 
3 2199.9 0.00 2199.9 
4 1911.4 0.00 1911.4 
5 1911.4 0.00 1911.4 
6 1911.4 38.16 1949.56 
7 1911.4 305.12 2216.5 
8 1483.3 559.40 3042.7 
9 3055.1 826.36 3881.5 
10 3627 1112.45 4739.5 
11 4487.4 1288.30 5775.7 
12 5059.3 1512.93 3572.2 
13 5919.6 2496.1 8415.7 
14 6203 3930.6 10133.6 
15 6491.5 4576.8 11068.5 
16 6491.5 4169.98 10661.5 
17 6203 2746.1 8949.1 
18 5919.6 388 6307.6 
19 5347.8 0.00 5347.8 
20 4775.9 0.00 4775.9 
21 4204 0.00 4204 
22 3627 0.00 3627 
23 3343.6 0.00 3343.6 
24 3055.1 0.00 3055.1 
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Table (A48) Sensible Heat Cooling Factors for People 
2 Hrs total hours in space 
Hr CLF  Hr CLF 
1 0.49  13 0.03 
2 0.58  14 0.02 
3 0.17  15 0.02 
4 0.13  16 0.02 
5 0.10  17 0.02 
6 0.08  18 0.01 
7 0.07  19 0.01 
8 0.06  20 0.01 
9 0.05  21 0.01 
10 0.04  22 0.01 
11 0.04  23 0.01 
12 0.03  24 0.01 
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Table (A49) Sensible Heat Cooling Factors for People 
8 Hrs total hours in space 
Hr CLF  Hr CLF 
1 0.51  13 0.18 
2 0.61  14 0.15 
3 0.67  15 0.13 
4 0.72  16 0.12 
5 0.76  17 0.10 
6 0.80  18 0.09 
7 0.82  19 0.08 
8 0.84  20 0.07 
9 0.38  21 0.06 
10 0.30  22 0.05 
11 0.25  23 0.05 
12 0.21  24 0.04 
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Table (A50) Sensible heat gain from people at Zone A: 
 
HR 
Q1 Q2 Qs 
Total  
1 24255 688.5 24943.5 
2 28710 823.5 29533.5 
3 8415 904.5 9319.5 
4 6435 972 7407 
5 4950 1026 5976 
6 3960 1080 5040 
7 3465 1107 4572 
8 2970 1134 4104 
9 2475 513 2988 
10 1980 405 2385 
11 1980 337.5 2317.5 
12 1485 283.5 1768.5 
13 1485 243 1728 
14 990 202.5 1192.5 
15 990 175.5 1165.5 
16 990 162 1152 
17 990 135 1125 
18 495 121.5 616.5 
19 495 108 603 
20 495 94.5 589.5 
21 495 81 576 
22 495 27 522 
23 495 27 522 
24 495 13.5 508.5 
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Table (A51) Sensible heat gain from people at Zone B: 
Q  
HR 
Q1 Q2 Q3  Q total   
1 24255 191.25 808.5 25254.75 
2 28710 228.75 957 28995.75 
3 8415 251.25 280.5 8946.75 
4 6435 270 214.5 6919.5 
5 4950 285 165 5400 
6 3960 300 132 4392 
7 3465 307.5 115.5 3888 
8 2970 315 99 3384 
9 2475 142.5 82.5 2700 
10 1980 112.5 66 2158.5 
11 1980 93.75 66 2139.75 
12 1485 78.75 49.5 1613.25 
13 1485 67.5 49.5 1602 
14 990 56.25 33 1079.25 
15 990 48.75 33 1071.75 
16 990 45 33 1068 
17 990 37.5 33 1060.5 
18 495 33.75 16.5 545.25 
19 495 30 16.5 541.5 
20 495 26.25 16.5 537.75 
21 495 22.5 16.5 534 
22 495 18.75 16.5 530.25 
23 495 18.75 16.5 530.25 
24 495 15 16.5 526.5 
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Table (A52) Sensible heat gain from people at Zone C: 
 
HR 
QS1 QS2 Qs 
Total  
1 6615 3825 10440 
2 7830 4575 12405 
3 2295 5025 7320 
4 1755 5400 7155 
5 1350 5700 7050 
6 1080 6000 7080 
7 945 6150 7095 
8 810 6300 7110 
9 675 2850 3525 
10 540 2250 2790 
11 540 1875 2415 
12 405 1575 1980 
13 405 1350 1755 
14 270 1125 1395 
15 270 975 1245 
16 270 900 1170 
17 270 750 1020 
18 135 675 810 
19 135 600 735 
20 135 525 660 
21 135 425 560 
22 135 375 510 
23 135 375 510 
24 135 300 435 
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Table (A53) Latent heat gain from people at Zone A: 
Q  
HR 
Q1 Q2 QLT  
1 25602.5 688.5 26291 
2 30305 823.5 31128.5 
3 8882.5 904.5 9787 
4 6792.5 972 7764.5 
5 5225 1026 6251 
6 4180 1080 5260 
7 3657.5 1107 4764.5 
8 3135 1134 4269 
9 2612.5 513 3125.5 
10 2090 405 2495 
11 2090 337.5 2427.5 
12 1567.5 283.5 1851 
13 1567.5 243 1810.5 
14 1045 202.5 1247.5 
15 1045 175.5 1220.5 
16 1045 162 1207 
17 1045 135 1180 
18 522.5 121.5 644 
19 522.5 108 630.5 
20 522.5 94.5 617 
21 522.5 81 603.5 
22 522.5 27 549.5 
23 522.5 27 549.5 
24 522.5 13.5 536 
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Table (A54) Latent heat gain from people at Zone B: 
Q  
HR 
QL1 QL2 QL3  QL  total   
1 2560 1470 808.5 27881 
2 30305 1740 957 33002 
3 8882.5 510 280.5 9673 
4 6792.5 390 214.5 7397 
5 5225 300 165 5690 
6 4180 240 132 4552 
7 3657.5 210 115.5 3983 
8 3135 180 99 3414 
9 2612.5 150 82.5 2845 
10 2090 120 66 2276 
11 2090 90 66 2246 
12 1567.5 90 49.5 1707 
13 1567.5 90 49.5 1707 
14 1045 60 33 1135 
15 1045 60 33 1135 
16 1045 60 33 1135 
17 1045 60 33 1135 
18 522.5 30 16.5 569 
19 522.5 30 16.5 569 
20 522.5 30 16.5 569 
21 522.5 30 16.5 569 
22 522.5 30 16.5 569 
23 522.5 30 16.5 569 
24 522.5 30 16.5 569 
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Table (A55) Latent heat gain from people at Zone C: 
QL  
HR 
QL1 QL2 QL 
Total  
1 6982.5 3825 10807.5 
2 8265 4575 12840 
3 2422.5 5025 7447.5 
4 1852.5 5400 7252.5 
5 1425 5700 7125 
6 1140 6000 7140 
7 997.5 6150 7147.5 
8 855 6300 7155 
9 712.5 2850 3562.5 
10 570 2250 2820 
11 570 1875 2445 
12 427.5 1575 2002.5 
13 427.5 1350 1777.5 
14 285 1125 1410 
15 285 975 1260 
16 285 900 1185 
17 285 750 1035 
18 142.5 675 817.5 
19 142.5 600 742.5 
20 142.5 525 667.5 
21 142.5 450 592.5 
22 142.5 375 517.5 
23 142.5 375 517.5 
24 142.5 300 442.5 
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Table (A56) Total heat gain from people at Zone A 
Q  
HR 
QS QL QP  
1 24943.5 26291 51234.5 
2 29533.5 31128.5 60662 
3 9319.5 978.7 19106.5 
4 7407 7764.5 15171.5 
5 5976 6251 12227 
6 5040 5260 10300 
7 4572 4764.5 9336.5 
8 4104 4269 8373 
9 2988 3125.5 6113.5 
10 2385 2495 4880 
11 2317.5 2427.5 4745 
12 1768.5 1851 3619.5 
13 1728 1810.5 3538.5 
14 1192.5 1247.5 2440 
15 1165.5 1220.5 2386 
16 1152 1207 2359 
17 1125 1180 2305 
18 616.5 644 1260.5 
19 603 630.5 1233.5 
20 589.5 617 1206.5 
21 576 603.5 1179.5 
22 522 549.5 1071.5 
23 522 549.5 1071.5 
24 508.5 536 1044.5 
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Table (A57) Total heat gain from people at Zone B: 
Q  
HR 
QSP QLP QP  total   
1 25254.75 27881 53135.75 
2 28995.75 33002 61997.75 
3 8946.75 9673 18619.75 
4 6919.5 7397 14316.5 
5 5400 5690 11090 
6 4392 4552 8944 
7 3888 3983 7871 
8 3384 3414 6798 
9 2700 2845 5545 
10 2158.5 2276 4434.5 
11 2139.75 2246 4385.75 
12 1613.25 1707 3320.25 
13 1602 1707 3309 
14 1079.25 1135 2214.25 
15 1071.75 1135 2206.75 
16 1068 1135 2203 
17 1060.5 1135 2195.5 
18 545.25 569 1114.25 
19 541.5 569 1110.5 
20 537.75 569 1106.75 
21 534 569 1103 
22 530.25 569 1099.25 
23 530.25 569 1099.25 
24 526.5 569 10995.5 
 
 
 171
Table (A58) Total gain from People at Zone C 
Qp 
HR 
QS  QL  QP Total 
1 10440 10807.5 21248 
2 12405 12840 13689 
3 7320 7447.5 14767.5 
4 7155 7252.5 14407.5 
5 7050 7125 14175 
6 7080 7140 14220 
7 7095 7147.5 14242.5 
8 7110 7155 14265 
9 3525 3562.5 7087.5 
10 2790 2820 5610 
11 2415 2445 4860 
12 1980 2002.5 3982.5 
13 1755 1777.5 3532.5 
14 1395 1410 2805 
15 1245 1260 2505 
16 1170 1185 2355 
17 1020 1035 2055 
18 810 817.5 1627.5 
19 735 742.5 1477.5 
20 660 667.5 1327.5 
21 560 592.5 1152.5 
22 510 517.5 1027.5 
23 510 517.5 1027.5 
24 435 442.5 877.5 
 
 
 172
Table (A59)  Air Quantities Required for Air Conditioning 
 
 
 
 
 
 
 
 
 
 
Zone Vout 
m3/s
Mout 
kg/s 
OASH 
kw 
OALH
kw 
OATH
kw 
RSH 
kw 
RTH 
kw 
ERSH ERSHF Tadp Ms 
kg/s
Vs 
M3/s
Vs 
cfm 
Vr Mr 
A 1.58 1.73 37.195 5.19 4239 17.39 19.90 22.97 0.875 13 2.24 1.82 3855.9 0.058 0.286 
B 1.57 1.72 36.98 5.16 42.14 17.29 19.78 22.84 0.875 13 2.23 1.81 3834.7 0.059 0.287 
C 0.69 0.75 16.125 2.25 18.375 7.54 8.63 9.96 0.875 13 0.97 0.79 1673.7 0.021 0.123 
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Appendix B 
Table (B 1) Areas of walls and roof Zone A:  
Surface East wall North wall South wall Wash rooms roof 
Area(m2) 600 60 60 11 1800 
 
Table ( B 2 ) Areas of walls and roof  Zone B:  
Surface North wall South wall Roof 
Area(m2) 120 120 3600 
 
Table (B3 ) Areas of  walls and  roof  Zone C:  
Surface north wall South wall West wall Roof  
Area(m2) 78.7 78.7 600 2361 
 
Table(B 4 ) for values of resistance Ri 
Material Direction of 
flow 
Coefficient of thermal internal resistance 
  Walls made up of local 
materials emission factor 
E=0.9  
For walls + light 
colors  
E = 0.05  
Walls  Horizontal  0.123 0.304 
Roofs  Vertical 0.106 0.128 
Ceilings  Downwards 0.150 0.552 
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Table (B 5) of values of External thermal resistance factor. (Ro) 
Ro and wind speed (m/s) Material  Emission factor  
1 2 3 
0.9 0.88 0.05 0.03 Walls 
0.55 0.01 0.06 0.03 
0.9 0.07 0.04 0.02 Roofs 
0.55 0.09 0.05 0.02 
 
 
Table (B 6 ) Area of glass window and doors At Zone A 
 N S E 
Features Single glass 6 mm 
internally shaded 
window 
Single glass 6 
mm internally 
shaded window 
Sliding doors 
Area 9 m x 1 = 9 m2 9 m x 1 m = 9 m2 3.5 x 2 x 2 = 14 m2 
Table (B 7 ) Area of glass window and doors At Zone B: 
 N S 
Features Single glass 6 mm 
internally shaded 
window 
Single glass 6 
mm internally 
shaded window 
Area 15 m x 1 = 15 m2 15 m x 1  = 15 m2
 
*/At Zone, South wall there is 10×1m double glazing 6mm clear glass 
window. 
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Table (B 8) Area of glass window and doors At Zone C 
 N S E 
Features No windows 
or doors 
No windows 
or doors 
1- 12 m x 6 m glass sheet clean 
6 mm single. 
2- Tow public gates 
3- Door for cafeteria balcony   
Area   92 m2 
 
Table (B 9 ) Total glazing Areas 
Zone A B C 
Area 
(m2) 
32m² 30m² 92 m2 
 
 
